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Abstract 
Glycosidase is a group of hydrolases which attack the glycosidic bond 
w i t h the terminal release o f sugar. They are enzymes involved in carbohydrate 
metabolism and glycoprotein processing. Inhibition of these enzymes has 
implication for anti-viral chemotherapy by alteration of the glycoprotein coat 
of virus. 
A nove l pseudo-sugar, cyclophel l i to l was f i rst isolated f r om the fungus, 
Phellinus sp., i n 1989. I t has cyc l i to l structure w i th B-epoxide and inhibited 
the a lmond fi-D-glucosidase w i t h l ow IC50 value, 0.8 /xg/ml. 
I n this study, the glycosidase inhibi tors were isolated f r om Ganoderma 
lucidum wh i ch belongs to the same fami ly as Phellinus. Aqueous extract of 
G. lucidum was shown to have potent inhib i tory effects on brewers yeast a-D-
glucosidase and E. coli a-D-galactosidase. I t also sl ightly inhibited almonds 
6-D-glucosidase. T w o compounds w i t h strong inhibi tory effects on a-D-
glucosidase were pur i f ied f r o m aqueous extract o f G. lucidum by l iquid 
chromatography. One was ident i f ied as an equi l ibr ium mixture o f D-glucose. 
The other compound was characterized as arabitol by mass spectrophotometry 
and nuclear magnetic resonance. 
I n addit ion, two classes o f synthetic glycosidase inhibitors were 
prepared by the Chemistry Department o f C U H K . Each compound was 
screened for its inh ib i tory effect on six glycosidases namely, a - and 6-D-
x i 
glucosidases，a- and 8-D-mannosidases and a - and B-D-galactosidases, in 
order to correlate the st ructure- funct ion relat ionship. 
One series o f synthetic glycosidase inhibi tors studied are cyc lophel l i to l 
and its analogues w h i c h have s imi lar epoxide r i ng in the molecule. A l l 
compounds were found to inh ib i t conf igurat ional ly related glycosidase 
speci f ica l ly . They inh ib i ted the enzyme by f o rm ing i r reversible enzyme-
inact ivator complex . These inhib i tors are also named as inactivators. Another 
series o f synthetic compounds studied are aminocycl i to ls . They are potent ial 
revers ib le inh ib i tors w h i c h exhib i ted a compet i t ive mode o f inh ib i t ion. By 
means o f s t ructure- funct ion studies o f al l these compounds, the important 
requirements fo r these potent ia l inhib i tors to exhib i t inh ib i to ry activit ies on 
glycosidases cou ld be revealed. 
xii 
Chapter I : Introduction 
Glycosidase is group of hydrolases which attack the glycosidic bond of 
carbohydrates, glycoproteins and glycolipids with the terminal release of 
monosaccharide un i t or sugar chain.« They are enzymes involved in 
carbohydrate metabol ism and glycoprotein processing. Inhib i t ion o f these 
enzymes has impl icat ion for ant i-v iral chemotherapy by alteration o f the 
g lycoprote in coat o f v i rus. 
Some known glycosidase inhibitors such as deoxynoj i r imycin and 
castanospermine isolated f r o m plants are sugar a n a l ogues . i 5 - i 7，3 m i j h e y inhibi t 
the glycosidases due to their structure bearing a greater resemblance to the 
natural substrate and competing for the active site o f the enzyme. I n 1989, a 
novel pseudo-sugar cyclophel l i to l was isolated from the fungus, Phellinus sp. 
I t was characterized as an effective B-D-glucosidase inhibi tor w i th low IC50 
value, 0.8 /Xg/ml.2-3，43，50，52-54，59 
I n this study, one objective is to search for naturally occurr ing 
glycosidase inhibi tors f r o m Ganoderma lucidum, a mushroom o f the same 
fami ly as Phellinus and known to have medicinal value.(Chapter I V ) 
T w o classes o f pseudo-sugars synthesized by the Chemistry Department 
o f C U H K were studied to characterize their effects on glycosidase inhibi t ion 
(Chapter I I I ) . One series o f synthetic inhibitors is cyclophell i tol and its 
analogues wh ich have similar epoxide r ing in the molecule. These compounds 
inh ib i t the enzyme by fo rming irreversible enzyme-inhibitor complex. They 
1 
are also named as inactivators.59 Another series o f synthetic compounds are 
aminocycl i to ls . They are the potential reversible competit ive inhibitors. A l l 
compounds were screened for their inhibi tory effects on six glycosidases 
namely，a- and B-D-giucosidase, a - and 6-D-mannosidases, and a - and 6-D-
galactosidases i n order to correlate their structure-f i inction relationship. Such 
attempts could g ive in format ion on the specificity o f the inhibi tor on its target 
enzyme. 
2 
Chapter I I : Literature Reviews 
I I . 1 Glycosidases 
Glycosidases (EC 3.2) are classif ied under hydrolases, although some 
o f them can also transfer g lycosy l residues to oligosaccharides, 
polysaccharides and other alcohol ic acceptors. These enzymes catalyse the 
hydro ly t i c cleavage o f g lycosidic bond i n carbohydrate, glycoproteins and 
g lyco l ip ids w i t h the terminal release o f a monosaccharide or sugar chain. 
They show speci f ic i ty to 0 - , N- or 5-glycosidic bonds and are subdivided into 
three classes responsible for hydro lys ing 0 -g l ycosy l , A^-glycosyl and S-
g lycosy l compounds (EC 3.2.1，EC 3.2.2, EC 3.2.3 respectively).^ I n this 
study, glycosidase hydro lys ing 0 -g l ycosy l compoimds( EC 3.2.1) including 
a - and B-D-glucosidases, a - and B-D-mannosidases, and a - and 6-D-
galactosidases were employed. A r t i f i c i a l substrates were used in enzyme 
assays. These enzymes were chosen because the most common carbohydrates 
found i n natural g lycoprote in molecules are glucose, mannose and galactose, 
respectively. 
The general catalytic react ion is as fo l lows: 
CH2OH CH2OH 
H ^ " / 。 普 - H O M o H ^ 
OH 〇H 
p-nitrophenyi-a-D-glucopyranoside a-D-glucopyranose p-nitrophenol 
The product , p-n i t rophenol , can be moni tored color imetr ical ly . 
3 
I I .2 Biosynthesis of N-linked Glycoprotein^^ ^^  
Glycosidases are key enzymes in the biosynthesis of N-linked 
glycoproteins. They play a cr i t ical role in the t r imming o fg lycosy l side chains 
to produce hybr id and complex types o f N- l inked oligosaccharide units (see 
F ig . I I . 1). A l l N - l i nked oligosaccharides are assembled in the endoplasmic 
re t icu lum by the stepwise addit ion o f various sugars to the l ip id carrier 
dol ichol-phosphate to f o r m the oligosaccharide donor, Glc3Man9(GlcNAc)2-
pyrophosphory l -dol ichol . This oligosaccharide donor is then transferred to 
specific asparagine residues o f the polypeptide chain. Once the oligosaccharide 
has been transferred to protein, i t undergoes processing reaction that results 
in the removal o f some sugars and the addit ion o f others. The init ial reactions, 
wh ich have been shown to occur in the endoplasmic ret iculum, involve the 
removal o f al l three glucose residues by two membrane-bound a-glucosidases 
(Glucosidase I and IP"^). The removal o f al l 4 a l , 2 - l i nked mannoses by 
mannosidase I then fo l lows. A G l c N A c transferase (G lcNAc T I ) subsequently 
adds a G l c N A c to the 3- l inked mannose fo l lowed by removal o f the a 1,3 and 
a 1,6- l inked mannoses by mannosidase I I . The resulting product can then be 
further glycosylated by addit ion o f G l cNAc , galactose, sialic acid, and fucose 
to give a wide variety o f complex chains.^^ 
4 
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F ig . I I . 1 The reactions i nvo l ved i n the processing o f the GlCsMan^CGlcNAc)〗 
structure g i v i ng rise to var ious types o f h igh mannose, hybr id , and 
complex types o f ol igosaccharides. G二glucose，M二mannose，N二 
GlcNac(N-acetylglucosainine), Glc=glucosidase，Man二mannosidase， 
S A = sialic acid, Gal二galactose，Asn二asparagine.i3 
5 
When the glycosidase inhibitors were administered in the animal cell 
in culture, i t was revealed that the oligosaccharides in N- l i nked glycoprotein 
were altered. Such alteration wou ld in turn affect the cel l function. 
As glycosidases are key enzymes in the biosynthesis o f N- l i nked 
glycoprotein, inh ib i t ion o f these enzymes have aroused the interest o f anti-
v i ra l chemotherapy by affect ing the proper maturat ion o f v i ra l envelope 
glycoprotein. Some glucosidase inhibi tors, such as castanospermine and 1-
deoxyno j i r imyc in , have been reported to inhibi t syncyt ium format ion and 
infect ion o f human immunodef ic iency v ims (HIV),!，;， j j iy ^^e causative 
agent o f A I D S , is t ropic for cel l displaying the CD4 surface protein, w i th the 
result ing format ion o f mult inucleated syncytia and cell death. Interaction o f 
H I V w i t h cel l is main ly dependent on a binding reaction o f glycoprotein 120 
(gp l20 ) o f the v i rus and C D 4 molecules o f the cell. I t involves N- l inked 
glycan. Both g p l 2 0 and CD4 are heavi ly glycosylation. Interference o f the 
glycosylat ion step o f the above glycoprotein wou ld affect cell fusion and 
inh ib i t the format ion o f syncytia. The cytotoxic consequence of H I V infect ion 
wou ld greatly decrease after treatment by inhibi tor. The glycosidase inhibitors 
may of fer realistic prospect o f a new therapy for treating H I V infection in the 
future based on these excit ing evidences. The above two compounds have also 
been reported to inhib i t leukaemia virus at non-toxic concentration and herpes 
virus cytomegalo v i rus . 
6 
Glycosidases also play a v i ta l role in carbohydrate catabolism and 
turnover o f many cel lu lar components such as polysaccharides, g lycol ip ids and 
proteoglycans. I nh ib i t i on o f these enzymes could also have promising 
therapeutic appl icat ion. For example, they could be useful as 
an t ihyperg lycemic agents for treatment o f diabetes, Deoxyno j i r imyc in and 
several semi-synthet ic derivat ives were found to inh ib i t the rise in blood 
glucose leve l af ter meal . They acted as anti-diabetic drugs by inhib i t ing the 
digest ive glycosidase. They are also treated as inhibi tors o f tumor metastasis 
by changing the saccharide structure on tumor cel l surface, as drugs to 
prevent obesi ty, as ant i fungal agents or as agents to interfere w i t h insect 
feeding. One possib i l i ty o f glycosidase inhibi tors as insect feeding deterrence 
is that they compete w i t h sugar fo r a b ind ing site on the sugar-sensitive 
neuron i n taste sensil la w i thout t r igger ing a response. Al ternat ively, it has 
been suggested that a glucoside is present at or near the sugar receptor site 
and plays a par t i n its funct ion. The presence o f these compounds in plants 
and f u n g i may render insects temporar i ly unable to detect sugars and is 
associated w i t h reduced feeding. 口 
M o s t o f the above ment ioned effects are resulted f r o m direct or indirect 
i nh ib i t i on o f glycosidase enzymes. 
7 
I I .3 Mechanism of Enzyme-Catalysed Reaction 
I n order to study the glycosidase inhibi tors, a thorough understanding 
of the catalytic mechanism of the enzyme is necessary. Glycosidase-catalysed 
hydrolys is actually resembles the non-enzymatic acid-catalysed hydrolysis o f 
s imple a lky l or arylglycosides in that cleavage o f the g lycosy l (Q-oxygen) 
bond occurs.5 33 This has so far been demonstrated w i t h 6-amylase o f barley 
and sweet potato, a-amylase o f hog pancreas and B. subtilis, glucamylase 
f r o m A. niger, ce-glucosidase o f brewers yeast, B-glucosidase o f almond 
emulsin, lysozyme, 6-galactosidase o f E. coli, and B-glucuronidase f r o m calf 
l iver.5 
I n non-enzymatic hydrolysis o f glycosides, an SN l - l i ke reaction 
(nucleophi l ic , first order) is favourable because the glycosyl cation 
intermediate can be stabil ized by charge dist r ibut ion between C-1 and the r ing 
oxygen atom (see F ig . I I . 2 ) . I n contrast, an SN2 (nucleophi l ic, second order) 
mechanism is unfavourable and therefore much slower. The direct 
displacement o f the aglycon by hydrox ide or a water molecule is strongly 
hindered due to the inversion at the anomeric carbon atom. This wou ld result 
i n an intermediate o f the sugar having unfavourable skew or boat 





Fig . I I . 2 Acid-catalysed hydrolysis o f B-glycoside (hydroxy 
substituents omitted).^^ 
The enzyme catalysed reaction occurs much faster by lowering the 
act ivat ion energy barr ier . I t achieves this in the fo l lowing ways. First, 
intr insic weak bonds ensure the enzyme-substrate and enzyme-product 
complexes to f o r m and dissociate rapidly. Other factors which lower the 
act ivat ion barr ier include the conversion o f a bimolecular reaction between the 
catalyst and substrate into a unimolecular one wi th in the enzyme-substrate 
complex, the precise orientat ion o f catalytic groups w i th respect to the bonds 
to be broken, mul t i funct ional catalysis by two or more o f such groups, 
format ion o f reaction intermediate, favourable changes of the local dielectric 
constant by the exclusion o f solvent water, stabilization the transition state and 
destabil ization the ground state relative to the conditions o f the unbound, fu l ly 
solvated substrate, al l o f these cause a rate acceleration corresponding to the 
decrease i n the free energy o f ac t i va t i on^ 
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W i t h regard to enzyme-catalysed reactions, they are formal ly 
nucleophi i ic substi tut ion at C-1 o f the glycosides, and glycosidases may be 
d iv ided conveniently into two classes according to whether the hydrolysis (or 
transfer) reactions wh ich they catalyse proceed w i th inversion or retention o f 
configuration.5 Mos t mechanistic data come f rom enzymes that catalyse the 
reaction w i t h retention o f the conf igurat ion. They operate by double 
displacement mechanism (Fig. I I .3 ) . The f i rst step is always considered to be 
the protonat ion o f the anomeric oxygen by an A H group o f the enzyme which 
leads to the release o f the aglycon moiety. The product is a covalent glycosyl 
enzyme intermediate ES o f inverted conf igurat ion which is formed through the 
oxocarbonium ion- l ike transit ion state. The second step is decomposit ion o f 
ES. The A ' group o f the enzyme is involved as a general base catalyst. The 
enzyme-catalysed reaction is completed by the stereospecific addition o f a 
hyd roxy l group to the oxocarbonium ion. Water or another hydroxyl ic 
compound acts as a hydroxy l donor in hydrolysis. The product yielded has the 
same conf igurat ion as the starting glycoside w i th the retention o f 
conf igurat ion • ⑶ 
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F ig . I I . 3 A general pathway o f the double displacement mechanism for 
re ta in ing glycosidases. I t was f i rst proposed by Koshland and 
recent ly rev iewed by Sinnot.^ 
I n lysozyme, i t was proposed that they are Glu-35 acting as a general 
ac id catalyst ( A H ) to protonate the g lycosy l oxygen atom, and carboxylate of 
Asp-52 stabi l iz ing the carbocation formed. Carboxylate o f aspartate acts as 
nucleophi le has also been shown in the case o f B-glucosidase A3 of 
Aspergillus wentii and that o f almonds but in lacZ B-galactosidase of 
Escherichia coli, i t is Glu-461. i4，45 
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I I .4 Types of Glycosidase Inhibitors 
A great var iety o f natural ly occurr ing and synthetic compounds have 
the abi l i ty to b ind reversibly or i rreversibly to specific enzymes and alter their 
activi t ies. They are named as enzyme inhibitors by reducing or el iminating the 
catalyt ic act iv i ty o f the enzyme. T w o general classes o f inhibitors are 
recognised according to whether the inhibi tory action is irreversible or 
reversible. I n i r reversible inhib i t ion, the inhib i tor becomes covalently l inked 
to the specif ic funct ional group, usually an amino acid side chain which is 
associated w i t h the catalytic act ivi ty. The dissociation o f the inhibi tor f rom the 
enzyme is therefore cannot be released by d i lu t ion or dialysis. The velocity 
o f the react ion is reduced to an extent that corresponds to the fraction of 
enzyme molecules that have been inactivated. I n contrast, reversible inhibit ion 
is characterized by transient association o f inhibitors w i th the enzymes. Three 
dist inct types o f reversible inhib i t ion are known. Competit ive inhibitors 
resemble the substrate and compete w i th substrate binding to the active site 
o f the enzyme. They d imin ish the rate o f catalysis by reducing the proport ion 
o f enzyme molecules that have bound substrate. Increased K m value but no 
change i n V m a x is obtained in kinetic expressions for conversion of substrate 
to product. I n noncompeti t ive inhibi t ion, both the inhibi tor and substrate bind 
simultaneously to an enzyme molecule. They act by decreasing the turnover 
number o f the enzyme molecule. Turnover number represents the number of 
moles o f substrate that one mole o f enzyme is able to transform per minute. 
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K m is not affected by this k ind o f inh ib i t ion but Vmax w i l l decrease. I t is 
k inet ica l ly dist inguishable f r o m the competi t ive type o f inhib i t ion. The 
inhib i tors w h i c h can b ind reversibly w i t h the enzyme-substrate complex but 
not the free enzyme are designated as uncompet i t ive inhibi tors. Both K m and 
V m a x are decreased.^ 
I n fact, enzyme inhibi t ions are not l im i ted to these mechanisms. Other 
inh ib i t i on such as m i x e d type inhib i t ion, substrate inh ib i t ion and allosteric 
inh ib i t i on w i l l not be discussed in this thesis. 
W i t h regard to glycosidase inhibi tors, these can be grouped into two 
general types. They are noncovalent/reversible competi t ive inhibitors and 
covalent / i r revers ib le inhibi tors (active site-directed). Noncovalent inhibitors 
include cationic and basic g lycosyl derivatives, glycals, glyconolactones and 
t h i o g l y c o s i d e s . 3 3 Cat ionic and basic g lycosyl derivatives are usually more 
potent than their neutral counterparts; fo r example B-glucosylamine and its N -
substituted products are bound 220 to 4000 times more t ight ly than B-aldose 
on 15-glucosidase.33 Th is is because the protonated ' intermediate o f this 
compound can be stabil ized by the negatively charged group at the active site 
in the enzyme. The correct posi t ion o f cation or basic group is important for 
ef f ic ient interact ion w i t h the active site o f target enzyme. The abundant 
a lkalo idal glycosidase inhibi tors (AGIs) are also considered as this type. AGIs 
occur i n many species o f higher plants, bacteria and fungi . They belong to 
f i ve d i f fe rent chemical structural types, namely polyhydroxylated derivatives 
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o f p iper id ine , py r ro l i d ine , pyr ro l ine , octahydroindol iz ine, and pyr ro l iz id ine. 
Examples of these are some well known compounds such as deoxynojirimycin 
and castanosperaiine. Some of the simpler piperidine and pyrrolidine 
der ivat ives bear an obvious structural resemblance to 1-deoxy 
monosacchar ides, w i t h the r i ng oxygen replaced by ni t rogen. The orientat ion 
o f h y d r o x y groups on the more complex b icyc l ic structures also suggests a 
st ructural resemblance to sugars 
Glycals are a k i n d o f pseudosubstrate having moderate inh ib i t ion on 
glycosidase. D - g l y c a l i tsel f is a weak inh ib i tor . The inh ib i t ion might be 
resul ted f r o m the s low fo rmat ion o f E I intermediate combined w i t h slow 
hydro lys is later to regenerate the free enzyme.^^ 
The strong inh ib i t ion o f glycosidase by aldonolactones was f i rst 
repor ted i n 1940 by Japanese workers who studied B-D-glucosidases f r o m 
Aspergillus and almonds. These studies showed that aldonic acids themselves 
are non- inh ib i to rs , and that 1,5-lactones are potent inhibi tors. I t was proposed 
that aldolactones exert ing their power fu l inh ib i t ion by v i r tue o f their close 
s imi la r i t y o f con format ion to that o f the oxo-carbonium ion l ike transit ion 
state. B o t h the lactone and oxocarbonium ion have tr igonal, planar 
conf igurat ions at C -1 posi t ion and adopt a ha l f chair conformat ion. 
Thio-g lycosides are compounds in wh ich the sulphur replace the 
g lycos id ic oxygen. The rate o f acid-catalysed hydrolysis was however 
decreased when using thio-glycosides derivatives as a substrate. Thus, they 
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are strictly competitive inhibitors.^^ 
Covalent/irreversible glycosidase inhibitors inactivate the glycosidase 
by fo rm ing covalent bonds w i t h the active site o f the enzyme. There are 
several common structural requirements. First , the glyconic part o f these 
compounds must prov ide the binding and the orientation in the enzyme active 
site. Second, the reactive group must be direct ly connected w i t h the C-1 atom 
o f the g lyconic residue so that this group lies close to the catalytic groups 
w i t h i n the enzyme-inhib i tor complex. Thus, the covalent bond formed should 
be suf f ic ient ly s t a b l e . Inhibi tors satisfying these requirements include epoxide 
derivat ives, isothiocyanate derivatives, N-bromoacety l glycosylamine 
derivatives and tr iazine derivatives.^^ Epoxide derivatives are highly specific 
i r reversible inh ib i tor o f glycosidases. 
The react ion invo lved is a general acid-catalysed r ing opening o f the 
epoxide by the carboxyl ic acid catalytic group o f the enzyme which lies in 
close p rox im i t y . Then the nucleophi l ic carboxylate attackes this activated 
species leading to format ion o f a covalent ester bond.^^'^ 
Isothiocyanate and N-bromoacety l glycosylamines derivatives are both 
N-glycosides. 6-D-g lucopyranosyl isothiocyanate and N-bromoacetyl-13-D-
galactosylamine are potent inhibitors o f almonds B-glucosidase and E.coli 6-
galactosidase, r e s p e c t i v e l y 产‘了，拟 The former is an electrophUe which readily 
reacts w i t h amino groups near the active site o f the enzyme at neutral p H to 
f o r m thiourea derivatives. This property makes these class o f compounds as 
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an active site d i rected inhibi tor.^- The N-bromoacetyl-B-D-galactosylamine is 
a compound that alkylates a single meth iony l residue near the active site o f the 
enzyme. 37 
Several glycosidases have been studied w i t h triazene derivatives o f the 
corresponding glycosides. These inhibi tors act w i t h simi lar eff iciency on the 
B-galactosidase f r o m human f ibroblast lysosomes and the 6-xylosidase f rom 
Penicillium wortmannii but w i t h much lower ef f ic iency on 6-glucosidase f rom 
almonds and a-glucosidases f r o m yeast and no effect on al l other enzymes.幻 
The inact ivat ion mechanism involves a lky lat ion o f an amino acid at the active 
site. 
Sugar-related azir idines are a newly developed type o f mechanism-
based enzyme inact ivator.^ The mechanism is assumed to be esterif ication of 
carboxylate group at the active site, a mechanism wh ich is quite similar to 
epoxide der ivat ives ment ioned before.^^ 
These active-site directed irreversible inhibitors are useful to label the 
funct ional amino acid groups i n the active site o f an enzyme. 
16 
I I . 5 Cyc l ophe l l i t o l a n d Aminocyc l i t o l s 
The pseudo-sugars studied and described in this thesis were synthesized 
by the Chemistry Department. They are diastereoisomers of cyclophellitol and 
val io lamine respectively. The mode o f inh ib i t ion o f the diastereoismers is 
bel ieved to be s imi lar to their parent compound. The fo l low ing reviews 
prov ide the general backgrounds and references for testing these synthetic 
pseudo-sugars on glycosidase as described in Chapter I I I . 
n .5 .1 General background on cyclophellitol 
Cyclophel l i to l is a novel B-D-glucosidase inhib i tor isolated from the 
culture f i l t rate o f the fungus, Phellinus sp. The molecular formula is C7H12O5, 
(7 S，2R’ 3S, 4R’ 5R, 6i?)-5-hydroxymethyl-7-oxabicyclo[4,1,0]heptane-2，3,4-triol. 
I t is a unique pseudo-pyranose w i t h a B-epoxy moiety wh ich corresponds to 
a carba analogue o f B-D-glucopyranose.^ 
F ig . I I . 4 Structure o f cyclophel l i to l 
H O — ^ 
^ " " y I 
HO OH 
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T h e cyc lophe l l i to l was isolated f r o m cul ture f i l t rate through charcoal 
separation, D o w e x co lumn chromatography and crystall isation.^ A f te r isolat ion 
and p roduc t i on o f cyc lophe l l i to l f r o m Phellinus, As t i im i et al had determined 
the IC50 value, the concentrat ion o f the inh ib i tor exhib i t ing 50% inh ib i t ion on 
a speci f ic enzyme. A n d the percentage inh ib i t ion was calculated by 
Abs (control)- Abs (test、xlOO% 
Abs (control) 
I t inh ib i ted a lmond-der ived B-D-glucosidase w i t h an IQ。of 0.8 fig/mir 
3,43,50,52-54,59 yolue WES lowcr thai i the IC50S o f l -deoxyno j i r imyc in (30 
/xg/ml) and that o f castanospermine (12 / ig /ml) .^ The inh ib i t ion mechanism o f 
cyc lophe l l i to l was st i l l unknown. As expected, i t should be a competi t ive 
inh ib i to r due to the structure s imi lar i ty . 
I n 1990，Atsumi et al tested the cyc lophel l i to l against nine glycosidases. 
I t was inact ive against yeast a-glucosidase, B-galactosidase, B-glucuronidase, 
a-L- facos idase, end-6-N-acetyl glucosaminidase, a-mannosidase, andcellulase 
but weak ly active against fungal B-xylosidase. However , i t showed marked 
inh ib i t i on on a lmond B-glucosidase. Inh ib i t ion was shown to be competi t ive 
type w h i c h was evidenced by L ineweaver -Burk plot . (F ig . 11.5) The y-
intercepts, 1/Vmax，of d i f fe rent concentrations o f cyc lophel l i to l were the same 
but the x- intercepts were d i f ferent ( l / K m ) . On ly pure competi t ive inhib i t ion 
showed this pattern. A t h igh substrate concentration, the substrate wins the 
compet i t ion f o r the active site and the m a x i m u m veloci ty o f the enzymatic 
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activity would not change. On the other hand, the substrate specificity (shown 
by Km) would decrease due to the presence of inhibitor. They also found out 
that long preincubat ion could enhance the inhibi t ion on the enzyme. 
I r reversib le b ind ing studies were then carried out. Cyclophell i tol-treated 
a lmond B-glucosidase was equally suppressed after dialysis; thus cyclophell i tol 
was l i ke ly to b ind the enzyme irreversibly.^ 
3 厂 
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F i g . I I . 5 L ineweaver -Burk plot o f almond p-D-glucosidase 
react ion w i t h cyclophel l i to l , O 10 juM inhibi tor, • 5 
I ^ M , A 2 . 5 m M， • con t ro l . 
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I n addi t ion, the inhib i tor was found by fluorometric assay to be active 
against human 6-glucosidase but inactive toward of-giucosidase in Mo l t -4 
microsomal f ract ion. I t also inhibi ted Mo l t -4 6-glucocerebrosidase completely 
at 2 /xg/ml when the enzyme was assayed w i th a synthetic labelled substrate, 
and the inh ib i to ry act iv i ty was more than one hundred times higher than that 
o f no j i r imyc in , castanospermine, or o f deoxynoj i r imyc in . Al though, 
cyc lophel l i to l d id not show cytotoxici ty in cultured N I H 3 T 3 , P388 and Mo l t -4 
cells even at 100 jug/ml, i t showed severe toxic i ty in mice. M i ce administered 
1 m g o f cyc lophel l i to l dai ly fo r 5 days began to exhibi t severe abnormalities 
o f nervous system simi lar to those found in G A U C H E R ' s mouse through 
inh ib i t ion o f glucocerebrosidase activity.^ 
n.5.2 Mode of inhibition of cyclophellitoP 
I n 1991, the inhib i tory action o f cyclophel l i to l was characterized. I t 
was indeed a specific covalent mechanism based inactivator wh ich operated 
v ia the kinet ic mechanism l ike conduri tol epoxide. The compound bound at 
the active site i n s imi lar mode to the glucoside substrate, the epoxide oxygen 
was protonated by the acid catalytic group, then the nucleophi l ic carboxylate 
attacked this activated species forming a covalent derivative and inactivating 
the enzyme (Fig. I I .6 ) . Cyclophel l i to l was shown to be an excellent time-
dependent inactivator of both the almond 6-D-glucosidases and Agrobacter sp. 
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fi-D-glucosidase w i t h inactivat ion constants o f K i = 0 . 3 4 m M , k i = 2.38 m in ' 
(F ig . I I . 7 ) , and K i二0 .055 m M , k i = 1 . 2 6 m i n ] respectively (F ig . I I .8) 
m i ^ u i u m ^ 
二 T ' C HA HOH2C O H I 
； ^ O . 、 . 卞 。 - H o l 。 。 
77777^ j j T j j j r m 
F ig . I I . 6 Proposed reaction o f cyclophel l i to l w i th fi-glucosidase 
Recent ly, cyclophel l i to l was being synthesised in laboratories for 
detai led b io log ica l evaluation and studies. Recent studies have revealed several 
synthetic pathway o f cyclophel l i to l starting f r o m L-glucose, f r om L -
quebrachi to i and f r o m Die ls-Alder adduct. I n the Chemistry Department o f 
C U H K , ( - ) -qu imc acid was used as homochira l precursor i n organic synthesis 
o f cyc lophel l i to l and its diastereoisomers/^ The structure-ftmction relationship 
o f these compounds w i l l be discussed in detail based on the biological assay 
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Fig. 11.7 Inactivation oiAgTobaaer p-D-giucosidase by cyclophellitol. 
a) Plot of In residual activity ratio versus time; Concentrations of 
cyclophellitol employed were; (A) 0.1 m M， ( • ) 0.05 mM, (o) 
0.025 m M , ( • ) O.OlmM，(•) 0.005 m M . 沾 
b) Replot of f irst order rate constants from a). 
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Fig. I I .8 Inactivation of almond (3-D-giucosidase by cyclophellitol. 
a) Plot of In residual activity ratio versus time; Concentrations of 
cyciophelltiol employed were : ( • ) 0.9 mM，(•) 0.5 mM,(〇）0.25 
m M ， ⑷ 0.05 mM，（A) 0.025 mM. 
b) Rep lot of first order rate constants from a).^^ 
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II.5.3 General background on aminocyclitols 
Investigation on the aminocarbasugars was stimulated by the unusual 
properties o f glycosidase inhibi t ion found in the antibiotic validamycins in the 
fermentat ion bro th o f Streptomyces hygroscopicus. Some naturally occurring 
aminocarbasugars are readily obtained by degradation o f this antibiotic or 
d i rect ly isolated f r o m fermentation broth. They are known as validamine, 
va l io lamine, hydroxyval idamine and valienamine. They both have an amino-
group at C-1 posi t ion and have similar hydroxy lat ion pattern corresponding 
to that o f D-glucose. 
F i g . n . 9 Structure o f val iolamine. valienamine. val idamine and 
hydroxyval idamine 
HOCH, HOCH, HOCH, 
^^ 
OH OH OH 
Valiolamine Valienamine Validamine 
HOCH, OH 
M 




A l l o f the aminocarbasugars were found to possess inhibi tory activity 
against one or more glycosidases. Valiolamine was found to be considerably 
more active than the others. I t had a potent a-giucosidase inhibi tory activity 
against porcine intestinal sucrase, maltase and isomaltase.24 49 Except for 
strong inh ib i t ion against the above enzymes, al l o f these compounds were 
much less potent inhibi tors towards ot- and 6-D-glucosidases than the 
inhibi tors D-glucosylamine and 1 -deoxynoj i r imyc in . Replacement of the r ing-
oxygen or n i t rogen atom by a -CH〗- or = C H - group thus appears to be 
detr imental to an ef f ic ient interaction w i th (x- and B-D-glucosidases. This 
could be explained by an adaptation o f the active site favouring a half-chair 
conformat ion o f the D-glucosyl residue. The inhibitors having an oxygen or 
n i t rogen atom in the r ing might better adapt to this geometry than the more 
r i g id cyclohexane or cyclohexene.^^ The aminocarbasugars are actually 
reversible compet i t ive in character. The competit ive mode o f inhibit ion was 
characterized by L - B p lot [valienamine on yeast a-glucosidase (Fig. 11.10) and 
val io lamine on porcine intestinal a-glucosidase (Fig. 11.11)]. Unl ike 
cyclophel l i to l , cyclohexane or cyclohexene w i th pr imary amine structure of 
these compound have no covalently interaction w i th the enzyme during 
inhib i t ion. They are only transient associated w i th the enzyme. 
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The aminocycl i to ls, val idamine, val io lamine and valienamine were also 
found to have inh ib i tory effects on oligosaccharide glucosidases I and I I and 
on lysosomal a-glucosidase f r o m rat l iver. '^ These enzymes are involved in 
g lycoprote in processing and carbohydrate metabol ism in l iver . Val iolamine 
again proved more potent an inhibi tor than the others. Thus, these compounds 
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F ig . I I . 10 Ef fec t o f val ienamine on hydrolysis o f /7-ii itrophenyl-
a-D-glucosidase by yeast-a-D-glucosidase.^^ 
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F ig . I I . 11 Effects o f val iolamine on hydrolysis o f maltose and 
sucrose by porcine intestinal a-D-glucosidases/^ 
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CHAPTER I I I : Characterization of Synthetic Glycosidase Inhibitors 
i n . 1 Covalent-based Inactivator (Cyclophellitol and its Analogues) 
in.1.1 Introduction 
I n order to p rov ide addi t ional insight into the mode o f action o f 
glycosidase i nh ib i t i on by cyc lophel l i to l - l i ke compounds, the glycosidase 
inh ib i t i ng act iv i t ies o f cyc lophe l l i to l and its unnatural (JR’6S)-, (25)- and 
{1R,2S,6vS)-diastereoisomers, as w e l l as two 6 -deoxy- l ,2 -epoxy analogues 
were descr ibed. 
F i g . I I I . 1 Structure o f cyc lophe l l i to l and its analogues 
HC—A HO—X HO—A 
) ~ • 〇 ) r n p ) ~ r 0 / ~ v " P 
H 0 " . Y ^ ^ ^ ^ 飞 H O " . . / ^ ^ ^ ^ ^ ^ 1 ^ ^ ^ ^ 1 似、、^Y^ 
HO "CH HO CH HO CH HO CH 
Cyclophellitol (1R,6S)- (2S> (1R,2S,6S> 
diastereoisomer diastereoisomer diastereoisomer 
HO—\ HO—\ 
HOMM// \ H 0 " " ( \ 
HO HO 
6-deoxy-l,2- 6-deoxy-l,2-
epoxy analogue 1 epoxy analogue 2 
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The diastereoisomers tested have di f ferent configurations o f the epoxide 
r i ng at C-1 ,6 and o f the hydroxy group at C-2. The two 6-deoxy- l ,2 -epoxy 
analogues have the oxirane shifted to another posit ion, C-1,2. Each o f them 
resembles a glycoside and is expected to inhibi t the corresponding 
glycosidase. The epoxide, the three hydroxy groups, and the hydroxymethy l 
g roup i n cyc lophel l i to l constitute the B-D-^/wc^^-configuration. Cyclophel l i to l 
had been reported to be a mechanism-based active site directed inhibi tor of 
a lmond B-D-glucosidase (section 11.5.2). The unnatural、m，6S)-, (25)- and 
{IR, 2S, 65)-diastereoisomers having the a-D-gluco-, f>-D-manno- and a-D-
mamo-config\ir2iiions should be expected to inhib i t the configurat ionai ly 
related glycosidases (F ig. I I L 2 ) . 
F ig . I I I . 2 Structure comparison between sugars and cyclophel l i to l & its 
analogues 
H O — ^ H O - - I H O - N HO—A 
V 0 V o V o V o 
H Q " " 〈 ^ O H ^^^^^^^"lOi H 0 " " 〈 ^ CH H O ' ' - / ^^ ^^ ^^  V ' i C H 
HO OH HO CH HO CH HO CH 
[3-D-glucose a-D-glucose p-D-mannose a-O-mannose 
H O - ^ H O — H O - X ^ H O - A ^ 
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The glycosidase inh ib i t ing activities are assayed first to f ind out which 
enzyme is inhib i ted by each compound. The IC^o value is obtained f r om the 
inhib i t ion-concentrat ion curve to ref lect the effectiveness or potency o f each 
compound as an inh ib i tor . 
Cyclophellitol had already been characterized as an irreversible 
mechanism-based inactivator ( I I .5 .2) . The parameters, inactivation constant 
K i and rate constant k i were reported. However , the inhibi t ion mechanism of 
the other synthesized analogues have not been determined yet. I t is expected 
that they inh ib i t the enzyme in a simi lar manner l ike the parent compound, 
cyc lophel l i to l . Thus, studies on irreversible binding and kinetic analysis were 
conducted on its analogues. 
Fo r kinet ic studies, the method for analysing results was devised by 
K i t z and Wilson.^^'^^ The enzyme inactivation was believed to proceed by a 
two-step mechanism. I n the f i rst step, the epoxide is protonated by a general 
acid catalyt ic group to f o r m a reversible, non-covalent E - I complex. This step 
is characterized by the dissociation constant K i , representing the aff ini ty 
between the E - I complex. I n the second step, this non-covalent complex is 
being activated and attacked by a carboxylate group o f an amino acid (a.a.) 
at the active site. Covalent bond is subsequently formed between the inhibitor 
and a.a. residue at the active site. This second, rate l imi t ing step is 
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characterized by the rate constant ki, relating to the half life of the E-I 
complex. 
The whole reaction scheme is illustrated as below. 
Ki ki 
E+I ziz^r EI EV 
When the logarithm of the residual activity is plotted versus time, a 
linear plot is obtained. The slope of this line provides the pseudo-first order 
rate constant for inactivation at each inhibitor concentration. 
Ij^E _ J. E = residual enzyme activity at time t 
Eo aPP Eg = initial enzyme activity 
kgpp = experimental rate constant 
t = time 
1/Kpp = Ki/ki l/I + l/ki 
A replot of the reciprocal of these rate constant (k^ pp) versus reciprocal 
inactivator concentration (I) yields a straight line giving a value of y-intercept 
= l/ki and slope, m = Ki/ki. The two inactivation parameters, Ki and ki can 
then be determined from the graph.22’28’3o’33’55，6o 
Actually, these two values are more better indicators to reflect the 
potency of the inhibitor compared with IQ。. 
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in.1.2 Materials 
Instrumentation: On l y continuous assay o f enzymatic act iv i ty in kinetic studies 
was measured on the Spectronic 3000 array spectrophotometer. Other 
measurements were recorded on the 601 spectrophotometer. 
^ssay of glycosidase activity: The substrates, p -n i t ropheny l glycosides, were 
purchased f r o m Sigma Chemical Company, as were the a-D-glucosidase 
(Type V I : f r o m Brewers yeast)，6-D-glucosidase ( f rom almonds), a -D-
mannosidase ( f r o m jack beans), 6-D-mannosidase ( f r om snail acetone 
powder ) , a-D-galactosidase ( f r om Escherichia coli) and fi-D-galactosidase 
( f r o m Aspergillus oryzae). Another source o f fi-D-mannosidase was part ial ly 
pu r i f i ed f r o m the mycel ia o f Aspergillus oryzae, A T C C 14895 as described 
i n the text. 
Dialysis: Mo lecu la r porous dialysis membrane M W C O : 2,000 (wet i n 0.05 
% sod ium azide) was purchased from Spectrum Company. 
Protein assay in purification ofJi-D-mannosidase: Bic inchoninic acid protein 
assay k i t w i t h Sigma procedure no. TPRO-562 (For k i t no. B C A - 1 and 
Product no. B-9643) and a lbumin stock solut ion (905-10) were purchased 
from Sigma Chemical Company. 
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I I I . 1.3 Methods 
The inh ib i t i on assays on six commercia l ly available glycosidases are 
described i n the f o l l ow ing sections: 
111.1.3.1 Inh ib i to ry assay o f commercia l ly available glycosidases 
The enzyme activit ies were determined according to the method 
described by Saul w i t h sl ight m o d i f i c a t i o n . The reaction mixture contained 
20 m M o f the appropriate buf fer , 5 m M /7-nitrophenyl glycoside，the inhibi tor 
and an enzyme i n a final vo lume o f 0.5 m l . Enough enzyme was used to give 
an absorbance value about 1.0 w i t h i n 10 m in . Contro l was included by 
replacing the inh ib i to r i n the reaction mixture w i t h water. A f te r incubation at 
30。C fo r a def in i te per iod o f t ime, 2.5 m l o f 0 .4 M g lyc ine-NaOH buffer (pH 
10.0) was added to quench the reaction and l iberated p-n i t rophenol was 
measured at 410 n m (€410 17,000 L m o l ] c m ] ) . N o preincubation o f the 
inh ib i tor -enzyme mix tu re was conducted unless stated otherwise in the text. 
The f o l l o w i n g table shows the buf fer , p H values and substrates for six 
commerc ia l ly available enzymes. I n addition, the enzyme units i n f inal 
concentrat ion o f react ion mix ture are also listed. 
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Table I I I . l The assay condit ions (enzyme uni t , substrate, p H and the buf fer 
compos i t ion used) fo r inh ib i t ion o f six d i f ferent glycosidases by 
cyc lophe l l i to l and its analogues 
Enzyme pH 
Enzyme unit Substrate value Buffer 
(mU/ml) 
a-D-glucosidase 250 /7-nitrophenyl a-D- 6.0 Phosphate 
(Brewers yeast) glucopyranoside 
B-D-glucosidase 50 p-nitrophenyl B-D- 5.0 Sodium 
(almonds) glucopyranoside acetate 
a-D-maimosidase 62.5 p-nitrophenyl a-D- 4.5 Sodium 
(Jack beans) mannopyranoside acetate 
B-D-mannosidase 25 p-nitrophenyl 6-D- 4.0 Sodium 
(Snail acetone powder) mannopyranoside acetate 
a-D-galactosidase 50 p-nitrophenyl a-D- 6.5 Phosphate 
{E. coli) galactopyranoside 
6-D-galactosidase 50 /j-nitrophenyl 6-D- 4.5 Sodium 
{A. oryzae) galactopyranoside acetate 
One un i t o f enzyme act iv i ty is def ined as that catalysing the conversion o f 1 
/xmole substrate (or the fo rmat ion o f 1 /xmole product) i n 1 minute. ^^  
I I I . 1 .3.2 Par t ia l pur i f i ca t ion o f fi-D-maimosidase f r o m A. orvzae^^'^^ 
The spore suspensions o f .4. oryzae (0.5 m l ) i n each culture f lask were 
inoculated w i t h 125 m l potato dextrose bro th (24 g / L ) supplemented w i t h 
glucose (5 g / L ) . Cu l t i va t ion was carr ied out fo r 3.5 days at 28 under 
shaking. 49 .21 g o f myce l ia (wet weight) were obtained from 2 l i tres o f 
med ium. The myce l ia were homogenized w i t h sand in 37 m l cold sodium 
acetate bu f fe r at p H 4.0 . The mix tu re was centr i fuged at 27500 xg for 20 m i n 
at 4。C to obta in the supernatant as the crude preparation. 49 m l supernatant 
was fract ionated at 70-95 % ammon ium sulphate precipi tat ion. The prote in 
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pel let obta ined after centr i f t igat ion at 20200 xg was redissolved in 2.0 m l 100 
m M sod ium acetate bu f fe r ( p H 4.0) . A f te r dialysis against 10 m M o f the same 
b u f f e r， t h e dia lysed extract were chromatographed on 43.4 m l cat ion 
exchanger, CM-Sepharose C L - 6 B (Pharmacia) w i t h U V / V I S detector (280 
n m , I S C O UA-6).26,40 i t was equi l ibrated f i rst w i t h the 10 m M sodium acetate 
bu f fe r ( p H 4 .0 ) . The f l o w rate was 2 .0 m l per m in . A f t e r loading the sample, 
80 m l o f 10 m M sod ium acetate buf fer was used to elute the unbound 
proteins. The bound proteins were eluted w i t h stepwise gradient o f 0 .1 to 0.5 
M sod ium ch lor ide i n the same buf fe r . The fractions having B-D-mannosidase 
act iv i ty were ma in l y col lected at 0 .2 M sodium chlor ide solut ion (see the 
e lu t ion p ro f i l e shown i n F ig . I I I . 3 ) . A l l the active fractions were pooled and 
dialysed. F ina l l y , the sample after lyophi l izat ion, 10.8 m g was used as stock 
enzyme source fo r inh ib i t ion assay. The fo ld o f pur i f icat ion in each 
pu r i f i ca t i on step was summarised i n Table I I I . 2 . The enzyme was pur i f ied 
approx imate ly to 55- fo ld compared to the crude preparation. 
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Fig. nL3 Chromatography of the partially purified p-D-mannosidase 
isolated from A. oryzae on CM-Sepharose CL-6B after 
ammonium sulphate precipitation (70-95 sam.) Fraction 11-
52 were 4 ml each and the others were 8 ml. Protein content 























































































































m . 1.3.3 Pro te in assay i n pur i f i ca t ion o f l^-D-mannosidase 
Pro te in concentrations o f the samples were determined by the method 
o f B ic inchon in ic acid prote in assay (BCA)46. 
B ic inchon in ic acid solut ion, reagent A and Copper( I I ) sulfate 
pentahydrate 4 % solut ion, reagent B were obtained f r o m B C A assay k i t . The 
p ro te in determinat ion reagent was freshly prepared by adding 1 part o f reagent 
A to 50 parts o f reagent B . Prote in standard solut ion (1 m g / m l ) was di luted 
from a lbum in stock solut ion (10 m g / m l ) . 
A series o f standard solutions o f 0, 0.02, 0.04，0.06，0.08, 0.10 m l 
p ro te in standard solut ion were prepared. Each tube was made to 0.10 m l by 
adding water . The test sample added was also 0 .1 m l . I f the absorbance o f the 
sample was out o f the range o f standard curve prepared, d i lu t ion was needed 
and counted. 2 .0 m l o f the prote in determinat ion reagent was added to each 
tube and vor tex . A f t e r incubat ion fo r 30 m i n at 37 the absorbance at 562 
n m was determined after cool ing the tube to room temperature. 
I I I . 1 .3 .4 Inh ib i to ry assay for part ia l ly pur i f ied B-D-mannosidaseM. orvzae) 
The enzyme was prepared according to the above pur i f icat ion step. The 
(2S)-diastereoisomer was pre-incubated w i t h the enzyme i n sodium acetate 
bu f fe r ( p H = 4 . 0 ) fo r 15 m i n at 30。(：. The reaction was started by the addit ion 
o f 0 .2 ml；?-nitrophenyl-B-D-mannopyranoside. The reaction mix ture contained 
a f i na l concentrat ion o f 20 m M sodium acetate buf fer , 5 m M substrate and fi-
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D-mannosidase (15.28 m U / m l , specific activity 0.172 U /mg) and the 
inact ivator in 0.5 m l f inal volume. A f te r incubation for 20 m i n at 30。C, 2.5 
m l o f 0 .4 M g l yc ine -NaOH buf fer ( p H = 10.0) was added to stop the reaction 
and the l iberated ;?-nitrophenol was measured by spectrophotometer at 410 
n m (17,700 L mol 'om '). 
Enzyme assay for 6 -deoxy - l , 2 epoxide analogue 1 against part ial ly 
pur i f ied fi-D-mannosidase was the same as for (25)-diastereoisomer. The 
preincubat ion t ime was 15 m i n and the reaction t ime was 30 min . 
I I I . 1.3.5 Inf luence o f dialysis on glycosidase i nh i b i t i on 
Var ious concentrations o f inhib i tor or product (glucose and mannose) 
(0.5 m l ) was m ixed w i t h 0.5 m l o f 100 m M corresponding buffer (listed in 
Table I I I . l ) and 1 m l o f enzyme solut ion (2.5 U / m l for both a-glucosidase 
and Qj-mannosidase) and incubated for 11 hours at 4 One hal f volume was 
dialysed against 10 m M o f same buf fer , dialysed sample and the rest was 
stood at 4 ° C for 11 hours, control sample. For a-mannosidase, the control 
and the dialysed sample had to be di luted ten fo ld pr ior to per forming the 
assay. The assay reaction was then carried out similar to those mentioned 
before. ( I I I . 1.3.1) 
I I I . 1.3.6 Tnactivation experiment on glvcosidases^'^^ 
The inact ivat ion was performed by incubating the enzyme in the buffer 
w i t h the presence o f inactivator. A l iquo t (10 /xl) was removed at appropriate 
t ime intervals and assayed for residual enzyme activity by d i lu t ion into a large 
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vo lume (1.49 m l ) o f saturating concentrations o f the corresponding p-
n i t ropheny l g lycoside substrate in the same buf fer system. This effect ively 
halts the inact ivat ion both by d i lu t ing the inactivator enormously, and by 
p rov id i ng h igh concentrations o f a competi t ive l igand, the substrate. Ac t i v i t y 
was determined by continuous mon i to r ing o f nitrophenolate released through 
increase i n absorbance at 400 nm. Buf fe r systems, temperatures and substrates 
employed fo r the inact ivat ion experiments for each enzyme were as fo l lows: 
Brewers yeast a-D-glucosidase, 50 m M sodium phosphate buf fer (pH=6.8)， 
25 p -n i t r opheny l a-D-glucopyranoside; Jack beans a-D-mannosidase, 50 
m M sod ium phosphate buf fer ( p H = 6 . 0 ) , 25。C，p-nitrophenyl a - D -
mannopyranoside. 
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i n . 1 . 4 Results 
"1丄4.1 Inhibitory activities of cvrlnphellitol and analogues a卯inw 
glycosidases 
Each compound was pre l iminary screened for six glycosidases. The 
me thod was descr ibed i n I I . 1.3.1. A l l the data are shown i n Table I IL3.犯 
Table HI. 3 I nh ib i t o r y activit ies o f cyc lophel l i to l and its analogues against 
s ix glycosidases i n the prel iminary screenings. 
Enzyme % Inhibition 
6-deoxy-1,2- 6-cieoxy-1,2-
Cyclophellitol (1R,6S> (2S)- (1R,2S,6S)- epoxy epoxy 
analogue 1 analo^e 2 
a-D-galactosidase igc [yi j j J f 
(E. coli) 
P-D-galactosidase 19。 15^ U® 
(A. oryzae) 
a-D-glucosidase 47^ 13® 0® 0® 
(brewers yeast) 
P-D-giucosidase 99^ 15^ 7® 83® 3® 
(almonds) 
a-D-maimosidase 12^ 100® 0® 0® 
(jack beans) 
P-D-mannosidase^ 3® 2® 30® 3® 12® 2® (A. oryzae^ 
Pur i f i ca t ion up to ammonium sulphate precipitation stage for preliminary screening. 
' ' Inhibit ion at the final concentration of 40 jLig/ml. ''Inhibition at the final 
concentration o f 80 /xg/ml. ^Inhibition at the final concentration of 200 iiglm\. 
^Inhibition at the final concentration of 100 jxglmL ^Inhibition at the final 
concentration o f 160 /xg/ml. 
Tab le i n . 4 indicates the enzyme specif ici ty o f each compound and the 
IC50S obta ined by us and by Umezawa group.2’3,52-54 
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Table III.4. The enzyme specificity and IQo of cyclophellitol and its 
analogues on glycosidases 
Inhibitors Enzyme Inhibited IC50 (^g/ml) 
• Cyclophell i tol 6-D-glucosidase 0.35 
(50 mU/ml) *0.80 
(J 艮 65)-diastereoisomer a-D-glucosidase 24 
(250 mU/ml) *10 
partially purified 6-D-
(25)-diastereoisomer mannosidase from A. 28 
oryzae (15.3 mU/ml) 
(IR, 2S，65)-diastereoisomer a-D-mannosidase 9.0 
(25 mU/ml) *19 
B-D-glucosidase 50 
6-deoxy- l ,2- (50 mU/ml) 
epoxy analogue 1 partially purified 6-D- ^ 
mannosidase (8.70 
mU/ml) 
6-deoxy- l ,2- - -
epoxy analogue 2 
* by Umezawa group!二让54 
Both values fall into the same order of magnitude. The small difference 
in data may be attributed to the different concentrations of enzymes used in 
the b io log ica l assay. 
(2S)-Diastereoisomer was only weakly active towards the snail B-
mannosidase but inactive against the others at 100 /xg/ml. However, 5.7% 
i nh ib i t i on on snail fi-D-mannosidase was too l ow to be considered to have 
inhibitory effect on that enzyme. Since it is structurally related to 6-D-
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mannose， i t m igh t be a potential B-D-mannosidase inh ib i tor . The poor 
i nh ib i t i on o f this enzyme migh t be due to the enzyme source used. A l though, 
the gut so lu t ion o f snail is useful source o f B-mannosidase and the h igh ly 
pu r i f i ed preparat ion o f this enzyme can be obtained by simple 
chromatograph ic steps. The instabi l i ty and l ow specif ic act iv i ty l im i t its 
act ion. Reports on the substrate specif ic i ty and kinetics o f this enzyme are 
on ly restr ic ted ma in l y to the act ion on core glycopeptides and der ived 
ol igosaccharides. 36 
I n prev ious studies o f glycosidase inh ib i t ion, 6-D-mannosidase used was 
not purchased commerc ia l l y . One source o f 6-D-mannosidase was isolation 
f r o m spray-dr ied cul ture filtrate o f Aspergillus wentii.^^ I n this wo rk , two 
species o f A s p e r g i l l u s，A . niger and A, oryzae, were screened for the 
presence o f 6-D-mannosidase. The results showed that the culture f i l t rate and 
myce l i a o f bo th species had fi-D-maimosidase act iv i ty in the crude 
preparat ion. A f t e r a pre l im inary testing w i t h (25)-diastereoisomer as the 
inh ib i to r , myce l ia o f A. oryzae was chosen fo r the preparat ion and product ion 
o f 6-D-mannosidase fo r detailed screening o f al l the compounds. The IC50 
value o f (25)-diastereoisomer w i t h par t ia l ly pur i f ied B-D-mannosidase f r o m 
A. oryzae w i t h 15.3 m U / m l is 28 /xg/ml. This value falls into the range o f 
other diastereoisomers. 
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ni. 1.4.2 Effect of dialysis on glvcpsidase inhibition 
Our data show that the inh ib i tory act iv i ty o f cyclophel l i to l on B-D-
glucosidase is not lost after dialysis, thus ve r i f y ing the irreversible b inding o f 
this compound. Th is b io log ica l property was also demonstrated for the two 
(IR, 65)-and (1R,2S, 65)-diastereoisomers. F ig . I I I .4a shows that the percentage 
i nh ib i t i on o f d ia lysed and contro l sample up to 4 .0 j i tg/ml were nearly the 
same. Thus, dialysis d id not reverse the b inding between the enzyme and the 
inh ib i to r . Th is a k i nd o f i rreversible b ind ing clearly di f fers f r o m the glucose 
i nh ib i t i on w h i c h is reversed by dia lysis.(Fig. I I I .4b ) 
The (JR，2S，6S)-diastereoisomer proved much more inhib i tory towards 
a-D-mannosidase, since a very low concentration (0.025 / ig /ml ) o f inhibi tor 
had already exhib i ted over 70 % inh ib i t ion (see F ig . I I I .5a) . Both dialysed and 
cont ro l samples gave over lapping curves f r o m 0.25 to 1 /xg/ml. Similar to the 
6-D-glucosidase experiments described above, l i t t le recovery o f a-D-
maimosidase act iv i ty was observed after extensive dialysis and the inhibi tory 
act ion o f the enzyme product (mannose) was reversed. (Fig. I I I . 5a&b) . 
W i t h regard to the (25)-diastereoisomer, no investigation o f irreversible 
b ind ing was attempted due to l imi ta t ion in the amount o f enzyme available. 
I n conclusion, the results o f the two diastereoisomers revealed that the 
who le series o f cyc lophel l i to l analogues shown in F ig . I I I . l b ind to the 
glycosidase i n a mode simi lar to cyclophel l i to l itself. 
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Fig. i n . 4 Effect of dialysis on the inhibition of brewers yeast a-D-
glucosidase (250 mU/ml) by the (JR, 65)-diastereoisomer (graph 
a) or glucose (graph b). One half volume was dialysed for 11 hr. 
at 4 oC, dialysed sample ( •~ • - ) . The rest was stood without 
dialysis，control sample ( o ~ o ) . • 
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F ig . I I I . 5 Effect of dialysis on the inhibition of jack beans a-D-
mannosidase inhibition (50 mU/ml) by (JR’2S，6S)-
diastereoisomer (graph a) or mannose (graph b). One half 
volume was dialysed for 11 hr. at 4 oC，dialysed sample ( t t ) . 
The rest was stood without dialysis, control sample ( o ~ o ) . 
46 
H L 1.4.3 The k inet ic studies o f glycosidase inactivation 
W e determined the kinet ic parameters o f inact ivat ion based on the 
ant ic ipated react ion scheme (said i n I I I . 1.1) 
The inact iva t ion o f Brewers yeast a-D-glucosidase (266.7 m U / m l ) by 
{IR, 65)-diastereoisomer was presented in F ig . I I I .6a . A l l the plots o f inhib i tor 
concentrat ions w i t h t ime were clear ly l inear as required for f i rs t order kinetic 
behav iour . The slopes (k^pp values) obtained i n this manner were then reploted 
accord ing to the equation: l / k ^ ^ = K i / k i ( l / I ) + l / k i . A straight l ine was 
obtained w i t h a rate constant, k i = 0 . 4 0 1 m i n ] and an equ i l ib r ium constant, 
K i = 2 5 . 6 fxM. (F ig . I I I . 6b ) 
(IR’ 2S, 6S)-Diastereoisomer was also proved to be an inact ivator o f jack 
beans a-D-maimosidase. I t showed the saturable f i rst order kinetics o f 
inact iva t ion as expected fo r the inact ivator wh i ch b ind reversibly to the 
enzyme p r i o r to covalent bond fo rmat ion (F ig. 111.7a). A replot o f the 
rec iproca l o f rate constants versus reciprocal inact ivator concentrations yielded 
the value o f k i = 2 . 8 5 m i n i ^nd K i = 120 / M (F ig . I I I .7b) . A l l the data i n graph 
b were the means o f dupl icate tr ials. 
47 
( a ) ‘ ~ I I ~ r — n ~ 1 ~ i ~ i ~ 1 ~ 
3 . 5 - _ 
0 . 0 ^ ~ 1 1 1 ！——I ！ 1 I ！ 
0 2 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0 
T i i n e ( m i n ) 
( b ) ^ [ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 
4 一 -
l / k , _ 
( m i n ) 、 - ^ ^ -
2 - -
1 一 -
Q I . I • I . I • I • _ I _ I _ I _ 1 _ I _ 1 _ 
0 5 1 0 1 5 2 0 2 5 3 0 3 5 4 0 
1 / [ 1 ] ( 1 / m M ) 
F ig . I I I . 6 Inactivation of brewers yeast a-D-glucosidase, 266.7 mU/ml by 
(IR，65)-diastereoisomer. 
a) Plot of In residual activity ratio versus time. Concentration of 
(IR,65)-diastereoisomer employed were: (•) 0.568 mM, (•) 0.284 
mM, (•) 0.142 mM, (•) 0.0568 mM, (•) 0.0284 mM. 
b) Reolot of first order rate constants from a). 
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F ig . I I I . 7 Inactivation of jack beans a-D-mannosidase, 50 mU/ml by 
(IR, 2S, 65)-diastereoisomer. 
a) Plot of In residual activity ratio versus time. Concentration of 
{IR,2S, 65)-diastereoisomer employed were: (•) 0.189 mM, (•) 
0.0947 mM, (•) 0.0568 mM，(•) 0.0284 mM，(•) 9.47 x lO'^ mM. 
b) Replot of first order rate constants from a). 
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III . 1.5 Discussion 
Cyc lophe l l i to l and its analogues are expected to have a half-chair or 
sofa conformat ion since the X- ray crystal lographic analysis o f cyclophel l i tol 
has already indicated that i t has a half-chair conformation〗. Our assay results 
suggest that transition-state analogue inhibitors for glycosidases should possess 
a conformat ion close to that o f a flattened chair o f the glycopyranosyl cation 
together w i t h the correct conf igurat ion at C-2, -3, -4, and -5. 
Cyc lophe l l i to l is a potent inhib i tor o f a lmond 6-glucosidase. The 
unnatural (IR, 65)-, (25)- and (1R,2S, 65)-diastereoisomers also showed strong 
and specif ic inh ib i t ion against a-D-glucosidase (brewers yeast), 6-D-
mannosidase (A. oryzae) and of-D-mannosidase (jack beans) based on the 
results i n Tables I I I . 3 and I I I .4 . The (25)-diastereoisomer was determined to 
be a specif ic inh ib i tor o f fi-D-mannosidase {A. oryzae) and 6-deoxy- l ,2-epoxy 
analogue 1 was found to be an inhib i tor for both 6-D-glucosidase (almonds) 
and B-D-mannosidase {A. oryzae). The lack o f a C-2 hydroxy group in 6-
deoxy - l , 2 -epoxy analogue 1 results i n non-specif ici ty towards glucosidase and 
mannosidase. I t is bel ieved that the C-2 hydroxy group is important in 
recogni t ion o f the specific enzyme. The a - O U at C-2 defines the compound 
as a glucosidase inhib i tor whi le 6 - O H defines i t as a maimosidase inhibitor. 
Th is was demonstrated by (25)- and (IR, 2S, 65)-diastereoisomers which have 
fi-OH at C -2 and inhibi ted 6-D- and oj-D-mannosidases, respectively. 
Concerning the stereochemistry o f the oxirane moiety, cyclophell i tol, 
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(25)-diastereoisomer and 6-deoxy-1,2-epoxy analogue 1 wh i ch possess 6-
epoxides, are fi-D-glycosidase inhibi tors, whereas (IR，6S)- and {1R,2S,6S)-
diastereoisomers w h i c h possess a-epoxides, are a-D-glycosidase inhibi tors. 
Thus, the synthetic inhibi tors are glycosidase-specific w i t h respect to the 
epoxide stereochemistry. Since, i t was found that the oxirane r ing o f 
condur i to l epoxides were opened regiospecif ical ly at C-P^ , we envisaged that, 
by analogy, the epoxide in cyclophel l i to l wou ld also be opened by 6 -D-
glucosidase regiospeci f ical ly at C-1. As i l lustrated i n F ig . I I . 7 , the oxirane is 
protonated by the acid catalytic group, then the nucleophi l ic carboxylate forms 
an ester bond w i t h the activated oxirane, g iv ing a covalent- inhibi tor complex. 
The h i gh potency o f cyc lophel l i to l among the six inhibi tors may be due to 
faci le t rans-diaxial opening o f the epoxide r ing at C-1 wh ich fo l lows the Fi irst 
and Plattner mle.^^ The (25)-diastereoisomer and 6-deoxy-1,2-epoxy analogue 
1 w h i c h possess fi-epoxide are also expected to undergo trans-diaxial oxirane 
opening. Th is process is energetically favourable. Comparat ively, the r ing 
opening at C -1 fo r a-epoxide compounds, (lR，6Sy, (1R,2S,6S)-
diastereoisomers and 6-deoxy-1,2-epoxy analogue 2 is energetically 
unfavourable because o f the diequatorial opening. I t is thus understandable 
w h y the inhib i tors reacts less effectiveness w i t h a-glycosidases. 
Structura l ly , 6-deoxy-l，2 epoxy analogues 1 and 2 have the oxirane 
attached between C-1 ,2 instead o f C-1,6 as in cyclophel l i to l . The IC^o o f 6-
deoxy-1 ,2 epoxy analogue 1 on 6-D-glucosidase was increased to 100 folds 
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compared w i t h cyc lophel l i to l . The relat ively weak act iv i ty suggests that the 
pos i t ion o f epoxide r i ng is very important ; this may be attr ibuted to the fact 
that the oxygen atom o f the epoxide r ing is not at close p rox im i ty to the 
amino ac id o f the glycosidase. I t is noteworthy that the oxygen atom o f the 
ox i rane i n cyc lophe l l i to l has more or less the same orientat ion as the 
g lucopyranosy l r i ng oxygen (0-5)，thus a l lowing the protonat ion o f the 
epoxide by the active site acid catalytic group. Another possible reason for the 
re la t ive ly weak act iv i ty o f 6-deoxy-l，2 analogue 1 is the signif icance o f the 
C - 2 h y d r o x y group i n the recogni t ion o f the specific enzyme. I t is not 
surpr is ing that 6 -deoxy - l ,2 analogue 1 is an inh ib i tor fo r both 6-D-glucosidase 
and 6-D-mannosidase as i t contains the m in ima l structural features necessary 
f o r i nh ib i t i on o f both enzymes. The above reasons in complement w i th 
energet ical ly unfavourable i n opening o f epoxide r ing explains 6 -deoxy- l ,2 -
epoxy analogue 2 was inactive towards al l the enzyme, part icular ly a-D-
glycosidases. 
Regard ing the inh ib i t ion o f unnatural (25)-diastereoisomer on only 
fimgal 6-D-mannosidase but not the snail enzymes, the considerable interest 
on the na r row specif ic i ty o f the inhib i tor on the target enzyme was aroused. 
The reason proposed is based on the f ind ing o f cyclophel l i to l . The presence 
o f such pseudo-sugar, cyc lophel l i to l i n fungi presumably serves as a defensive 
role^. I t may act as digestive glycosidase inhibitors to deter the invading or 
feeding o f some lower class organisms such as other fungi , insect etc. 
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The inact ivat ion mechanism o f cyclophel l i to l and its analogues was 
comprehended based on the detailed kinetic studies. These compounds were 
therefore renamed as inactivators since the structure o f an inactivator is 
altered by reaction w i t h the enzyme (i.e. opening o f epoxide). The term 
inactivator is used to dist inguish these compounds f r om inhibitors, in wh ich 
some o f them do not have to covalently react w i t h the enzyme during 
inhib i t ion. 
A l l compounds tested were found to be a h ighly specific irreversible 
inactivators o f glycosidases. They appear to b ind to the active site o f enzyme, 
fo rm ing reversible/non-covalent E - I complexes pr ior to covalent bond 
format ion. The rate constant value k i , describing the second step o f 
inact ivat ion mechanism actually, represents the transformation rate o f 
reversible E - I complex into inactive one. Large k i values indicate that, at best, 
only a smal l amount o f reversible complex are present. Once formed, these 
reversible complexes are rapidly converted into inactivated complexes into a 
faster rate. O n the other hand, small k i value means the reversible complexes 
are present i n certain amount due to the slow transformation r a t e , 
K i (equi l ib r ium constant o f E - I complex) represents the af f in i ty o f E 
and I i n the f i rs t step o f reaction. Stronger inhibitors possess large k i values 
and small K i values. 
Judging from the ratio o f k i / K i , the effectiveness o f each inactivator on 
the same enzyme could be r e v e a l e d . The data o f two known irreversible 
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inact ivators, condur i to l azir id ine and condur i to l epoxide are also included in 
the f o l l o w i n g table fo r comparison/-^-
Tab le I I I . 5 . The k inet ic constants for the inact ivat ion o f some glycosidases 
by cyc lophe l l i to l and its analogues, condur i to l azir id ine and condur i to l 
epoxide. 
Compound Enzyme Ki ki ki/Ki k i /K i k i /K i 
inhibited (mM) (min ') (mM'' mini) conduntoi conduritol 
‘ aziridine epoxide 
R-D-
glucosidase 0.055 1.26 22.9 0.026 -
(Agrobacter 
Cyclophellitol T：! 
almonds 0.340 2.38 7.00 - 0.03P 
(1R,6S)- a-D-
diastereoisomer glucosidase 0.026 0.401 15.4 0.041*' 6.4。 
(Yeast) 
{1R,2S,6S)- a-D-
diastereoisomer mannosidase 0.120 2.85 23.8 - 8.0x10^ 
(Jack beans) 
a Enzyme source is sweet almond B.匕 a-glucosidase used is Type III from yeast whereas those used 
in my assay is type IV (both were obtained from Sigma company)。Yeast {S. cerevisieae), no type 
indication. 
Cyc lophe l l i to l is indeed considerably more effective as an inactivator 
than condur i to l azir id ine (880 folds) and condur i to l epoxide (226 folds) based 
on the compar ison o f k i / K i ratios. Another two unnatural diastereoisomers 
were also more potent i n inh ib i t ing the enzyme w i t h large k i / K i values than 
the t w o condur i to l compounds. Condur i to l epoxide and condur i to l azir idine 
lack a C-5 hyd roxymethy l group in the structure, thus they are analogues o f 
xy lose, no t glucose. Contr ibut ion o f the hydroxymethy l group i n cyclophel l i to l 
and its analogues makes them become a new class o f potent glycosidase 
inh ib i to r s.^^ 
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III. 1.6 Further studies 
Some glycosidase inhibitors such as deoxynoj i r imycin and 
castanospermine can inhib i t the cytostatic effect o f H I V by perturbing its 
g p l 2 0 glycosylation.^^ However , the cyclophel l i to l was not observed to have 
an t i -H IV act iv i ty on infected C E M cell l ine (National Cancer Institute 
Development Therapeutics Program in vitro testing results) and on M T - 4 
cells.2 I t is proposed that the an t i -H IV activi ty may be due to their abi l i ty to 
inh ib i t a-glucosidase but not 6-glucosidase. Some synthetic analogues in this 
project such as {IR, 65)-diastereoisomer and {IR, 2S, 65)-diastereoisomer are 
oj-D-glycosidase inhibi tors. I t is valuable to screen the anti-tumor activity o f 
whole series o f compounds. I n addit ion, specific inhibi t ion nature of 
compounds suggested the assay should be carried out by using dif ferent types 
o f infected cel l l ines. 
U p to now , the inactivation mechanism o f cyclophel l i tol- l ike compound 
on glycosidase is clearly understood. Crystallographic identif ication o f the 
enzyme-inhib i tor complex and the r ing opened product are encouraged to 
prov ide the addit ional in format ion on the mechanism. 
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in.2 Reversible Competitive Inhibitors (Aminocyclitols) 
in.2.1 Introduction 
As ment ioned in section 11.5.3, val io lamine ( lS ,2S,3R,4S,5S- l -a in ino -
5-hydroxymethy l -cycIohexane-2,3,4,5- te t rao l ) was the most potent inh ib i tor 
among the l -aminocarbasugars /^ Chemical synthesis and modif icat ions o f this 
compound were done by L . - H . W a n at the Department o f Chemistry. A series 
o f compounds, namely val io lamine, its {1R,2S)-, (1R,2R)- and {1S,2R)-
diastereoisomers were synthesised. I n addit ion, an aminocarbasugar having an 
amino group at C-2 (2-amino-5-hydroxymethy l -cyc lohexane- l ,3 ,4 ,5- te t rao l ) , 
a regio isomer o f va l io lamine, was also constructed. A total o f f ive 
aminocycl i to ls were prepared. 
F ig . i n . 8 Structure o f val io lamine and its related aminocycl i to ls 
H〇Z"\ .OH HO-^^^ >〇H H 〇 z \ .OH 
X ^ O H X ^ O H 
H z N ^ Y ^ H H2N、、、.^ Y^、〇H 
OH OH SH 
Valiolamine diastereoisomer diastereoisomer 
H 〇 々 ’，〇 H H O ^ ^ >0H 
X ^ O H X ^ O H 
H2N、…V、〇H H C r . . Y 、 〇 H 
6H NH2 




A l l the f ive aminocycl i tols have configurations similar w i th simple 
aldose sugars in wh ich the r ing oxygen was replaced by a methylene group 
and the hydroxy group at C-1 or C-2 was replaced by an amino group. 
The amino group at C-1 is a crucial factor to make the inhibi tor b ind 
t ight ly to the enzyme and exert its inhib i tory effect. Dur ing enzyme catalysis, 
there is an ion-pair format ion between the carbonium ion at C-1 o f the normal 
substrate and the carboxylate ion at the active site o f the enzyme.7 45 i n 
aminocycl i to ls , the basic amino group at C-1 is also subjected to protonation 
wh i ch permits addit ional interactions w i th the binding site o f the enzyme.^^ 
I n pre l iminary screenings, six commercial available glycosidases 
namely, a - and 6-D-glucosidases, a - and 6-D-mannosidases, and a - and 6-D-
galactosidases were used instead o f porcine intestinal sucrase, maltase and 
isomaltase24. A l though the tested compounds might be less potent on these 
commerc ia l available enzymes, its specific inhibi t ion on certain enzyme should 
be revealed. IC50 and Lineweaver-Burk plot (L -B plot) were performed 
subsequently i n order to establish the potency and mode of inhib i t ion o f each 
compound. The reversibi l i ty o f these compounds were also investigated. 
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III-2.2 Materials 
A l l the mater ia ls were purchased f r o m Sigma Chemical Company. 
Sugars: Ma l tose, 4-0-(a-D-glucopyranosyl ) -D-g lucose, approx. 98%, 
Cel lobiose, 4-0- (6-D-g lucopyranosy l ) -D-g lucose. 
Artificial substrates: A l l o f the/>- i i i t rophenyl glycosides l isted i n Table I I I . l . 
Enzymes: (1) six glycosidases (see I I I . 1.2); (2) glucose oxidase (EC 1.1.3.4)， 
Type V -S : f r o m Aspergillus niger (935 un i ts /ml ) , solutions i n 0 .1 M sodium 
acetate bu f fe r , p H approx.4 contain ing 0 .002% thimerosal as preservative; (3) 
peroxidase ( P O D ) , donor : hydrogen peroxide oxidoreductase; (EC 1.11.1.7) 
from horseradish Type II，175 purpuroga l l in un i ts /mg sol id. One uni t w i l l 
f o r m 1.0 m g o f purpuroga l l in from pyroga l lo l i n 20 seconds as p H 6.0 at 20 
Other reagents: 6>-diaiiisidine (3,3 ' -d imethoxybenezid ine ； Fast Blue B) 
d ihydroch lo r ide , t r izma-base(t r is [hydroxymethyl ] aminomethane) and T r i t on 
X -100 (Oc ty l Phenoxy Polyethoxyethanol) 
Tris Glucose Oxidase Reagent (rQ9/。： Fo r the preparat ion o f the T G O 
reagent, the f o l l o w i n g stock solut ion were used : (a) Tr is buf fer . Tr is can 
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effect ively inh ib i t the contaminant disaccharidases wi thout interfer ing w i t h the 
glucose oxidase method. A solution o f 61.0 gm (0.5 mole) o f Tr is base in 85 
m l o f 5 N H C l was di luted to 1000 m l w i th dist i l led water. The p H o f the 
solut ion was adjusted to 7.0. (b) glucose oxidase solution, 935 uni ts /ml (c) 
peroxidase solut ion, a solution o f peroxidase (175 purpurogal l in uni ts/ml) , 1 
m g / m l i n dist i l led water wh ich was kept at -20。C. (d) o-dianisidine 
d ihydrochlor ide solut ion (chromophore). A solution o f od ian is id ine 
d ihydrochlor ide, 10 mg/ m l in dist i l led water. This solution should be kept in 
dark, (e) detergent solution, a solution (10 ml ) o f Tr i ton-X-100 in 40 m l of 
95% solut ion wh ich can help to keep the colored oxidat ion product o f o-
dianisidine in a clear solution. T r i t on X-100 wh ich is free o f peroxides, 
doesn't y ie ld a b rown colour w i th the T G O reagent and interfere w i th the 
enzymatic reaction. 
Preparation of TGO reagent^^: The glucose oxidase solution was f irst shaken 
w i t h Tr is buf fer for hal f m i n and then the peroxidase solution, the o-
dianisidine solut ion and detergent solution were added. The reagent contained 
5.10 un i ts /ml o f glucose oxidase and 0.9975 purpurogal l in uni ts /ml of 
peroxidase. I t was stored in the dark at 4。C and stable for only few days. 
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II.2.3 Methods 
m . 2 . 3 . 1 Assay o f glucoside hydrolase inh ib i t ion activi ty 
The method o f Kameda et al was followed.]，The inhib i tory act iv i ty 
was determined by incubating a solut ion (0.25 m l ) o f glucose hydrolase {ot-
or B-D-glucosidase) in 0.02 M phosphate buf fer w i t h a 0.2 M substrate 
solut ion (0.25 m l ) and 0.5 m l o f inh ib i tor (di f ferent concentrations) at 37。C 
fo r 9 m i n (f i-D-glucosidase) or 10 m i n (a-D-glucosidase). The incubation 
t imes chosen were based on the l inear absorbance changes w i th in the assay 
per iod and absorbance values less than 1.0 were obtained in this period. The 
enzyme react ion was quenched by the immers ion o f the tube in boi l ing water 
fo r 3 m i n . A f t e r cool ing, the amount o f released product (D-glucose) was 
determined us ing the glucose oxidase method described below.^。All trials 
were i n dupl icate. 
I I L 2 . 3 . 2 Glucose oxidase method for determination o f released D-glucose^^ 
Fo r the determinat ion o f the glucose , 0.5 m l o f the reaction mixture 
was transferred to another test tube. A t the same t ime, a standard series 
contain ing 0，0.1. 0.3，0.5 m l o f glucose solution (0.1 mg /m l ) in dist i l led 
water were prepared to give a combined volume o f 0.5 m l . A t this point , 3 
m l o f T G O reagent was added to al l tubes. The tubes were then incubated at 
37。C fo r 30 m i n and then measured spectrophotometrically at 420 nm. 
W i t h certain substrates, maltose and cellobiose, the contaminant 
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enzymes (e .g . maltase) i n T G O reagent could hydrolyse them into D-glucose 
w h i c h caused the measured absorbance values to be higher. Thus, the tubes 
w i t h on ly substrate solut ion w i thou t any components were needed for running 
the same assay. A f t e r 10 mins, 0.5 m l o f solut ion was pipetted out for 
de te rmin ing the amount o f glucose w h i c h was released f r o m the substrate by 
on ly the contaminated enzymes. 
The actual absorbance value = measured Abs.(control,test sample)- Abs.(substrate 
effect) 
I I I . 2 . 3 . 3 Inh ib i t o ry assay o f aminocyc l i to l on other glycosidases^^ 
The assay details were s imi lar to those described i n I I I . 1 .3 .1 w i t h slight 
d i f ferences. The react ion mix tu re , 0.25 m l o f glycosidase (a- , 6-D-
mannosidase ；a - , fi-D-galactosidase) dissolved i n 0 .02 M appropriate buf fer , 
0 .25 m l o f 0 .01 M p -n i t ropheny l glycoside and 0.5 m l o f inhib i tor solut ion 
(var ious concentrat ion) was incubated at 3 0 ° C fo r about 10 mins. The residual 
enzyme act iv i ty was determined by co lor imetr ic method. "Cont ro l " was 
inc luded by replac ing the inh ib i tor solut ion w i t h d ist i l led water. 
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Tab le I I I . 6 The condi t ions (enzyme units, substrate, p H and the buf fer 
used) f o r inh ib i to ry assay o f aminocycl i to ls on glycosidases 
Enzyme Final enzyme unit Substrate Buffer 
(mU/ml) (pH) 
oj-D-glucosidase 312.5 Maltose Phosphate 
(brewers yeast) (pH=6.8) 
fi-D-glucosidase 149.7 Cellobiose Sodium acetate 
(almonds) (pH=5.0) 
a-D-mannosidase 50.0 p-nitrophenyl a-D- Sodium acetate 
(jack beans) mannopyranoside (pH=4.5) 
B-D-mannosidase 50.0 
(snail acetone 
powder) /7-nitrophenyl fi-D- Sodium acetate 
B-D-mannosidase ^ mannopyranoside (pH=4.0) 
(partially purified 
from A. oryzae) 
a-D-galactosidase 50.0 /7-nitrophenyl a-D- Phosphate 
(E. coli) galactopyranoside (pH=6.5) 
B-D-galactosidase 50.0 /?-nitrophenyl 13-D- Sodium acetate 
{A. oryzae) galactopyranoside (pH=4.5) 
I I I . 2 . 3 . 4 In f luence o f dialysis on the glycosidase inhibit ion^ 
A so lu t ion o f a-D-glucosidase ( f inal enzyme concentration, 312.5 
m U / m l ) was incubated w i t h d i f ferent concentrat ion o f inhibi tors at 37 for 
1 hour . One ha l f vo lume was dialysed against the 10 m M o f phosphate buf fer 
at 4 f o r 12 hours. The remain ing solut ion was stood at the same 
temperature and fo r the same t ime w i thout dialysis. The contro l and dialysed 
samples were then pipetted out to determine the enzyme act iv i ty. The 
procedures g i ven i n I I I . 2 . 3 . 1 was fo l lowed. 
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For a-D-mannosidase, 50 m U / m l o f enzyme was incubated w i t h 
d i f fe rent concentrat ion o f inhibi tors. The incubation t ime was 1 hour at 30。C. 
The dialysis procedures was carr ied out as before. The residual enzyme 
act iv i ty was assayed by m ix i ng 0.375 m l o f dialysed or contro l samples w i t h 
0.125 m l o f 0 .01 M p-n i t rophenyl -a-D-mannopyranoside and incubated at 30 
。C fo r 9 m in . (same as I I I . 2 .3 .3 ) 
I I L 2 . 3 . 5 L ineweaver -Burk plot^^-^^ 
The activit ies o f enzyme alone on various concentrations o f the 
substrate were assayed as fo l lows: 0.25 m l o f 1.25 U / m l a-D-glucosidase in 
0 .02 M phosphate buf fer , 0.25 m l o f maltose (0.01, 0.014, 0.02，0.04 and 
0.08 M ) and 0.5 m l o f H2O. The effects o f the inhib i tor on the enzyme 
act iv i ty were also determined using di f ferent concentrations o f maltose as 
l isted before. A t least two concentrations o f inhibi tors were tested to construct 
the l ines. A l l the test tube were incubated at 37°C for 10 m in . The amount 
o f D-glucose released was also measured by glucose oxidase method (refer to 
m.2.3.2). 
For ce-D-mannosidase, a simi lar assay method mentioned above was 
used. The react ion mix ture contained same components but the substrate 
concentrat ion was var ied ( 1.25, 2.5, 3.75, 6.25，7.5 m M ) . One set o f trials 
was enzyme alone. The other three sets were three di f ferent concentration o f 
inhib i tors. 
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III.2.4 Results 
I I I . 2 . 4 . 1 Inh ib i t o ry act ivi t ies o f va l io lamine and related aminocvcl i to ls against 
glycosidases 
The inh ib i to ry act iv i t ies o f va l io lamine and related aminocycl i to ls have been 
invest igated and the results are shown in Table I I I . 7 . 
Tab le I I I . 7 Inh ib i to ry activit ies o f va l io lamine and its related 
aminocyc l i to ls against six glycosidases i n the pre l iminary screenings. 
% Inh ib i t ion 
Enzyme 
Valiolamine (IR,2S)- (1S’2R)- (m,2R)- Regioisomei^  
diastereoisomer diastereoisomer diastereoisomer 
a-D-glucosidase 
(brewers yeast) 92^ 88b 28^ 32d 2.1® 
P-D-glucosidase 
(almonds) 43 12 5.8 5.8 11 
a-D-mannosidase 
(jack beans) 20 38 85 6.6 1.9 
p-D-mannosidase 
(snail acetone powder) 3.6 8.3 6.0 0 0 
a-D-galactosidase 
(E. coli) 31 0.54 0 0 N D 
P-D-^lactosidase 
(A. oryzae) 9 5 60 | 6 1 | 82 | N D 
^Inhibition at the final concentration of 3.22 mM. "Inhibition at the final 
concentration o f 2.89 mM.'^Inhibition at the final concentration of 4.40 mM. 
^Inhibition at the final concentration of 4.43 mM. ^Inhibition at the final 
concentration o f 3.23 m M . TRegioisomer of valiolamine: 2-amino-5-hydroxymethyl-
cyclohexane-l,3,4,5-tetraol. ND: not determined 
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A l l the aminocyc l i to ls were synthesized chemical ly. The above table 
(Table I I I . 7 ) shows the percentage inh ib i t ion on each enzyme at a certain 
concentrat ion o f aminocyc l i to l w h i c h is indicated in the legend. I n order to 
compare the inh ib i to ry effects o f compounds, the concentrations used were 
around 3 -4 m M in the pre l im inary screenings. Too small a concentration 
m i g h t conceal the inh ib i t ion effect o f the compound whereas too large wou ld 
g ive false results due to the saturation effects (vide infra). The concentrations 
used ( i n m M range) were according to those reported.之斗 Fo r those compounds 
w h i c h showed strong inh ib i t ion o f the glycosidases w i t h IC50 greater than 10'^ 
m M are summarised i n Table I I I . 8 . 
Tab le I I I . 8 The enzyme specif ic i ty and IC50 o f val io lamine and its related 
aminocycl i to ls 
Inhibitors Enzyme inhibited IQo 
a-D-glucosidase 4.50 x 10"^  M 
(brewers veast) 
Valiolamine 3-D-galactosidase 1.90 x 10'^  M 
(A. orvzae) 
6-D-glucosidase 3.50 x 10"^  M 
^almonds) 
a-D-galactosidase 5.14 x 10'^  M 
TE coli) 
of-D-glucosidase 5.00 x 10"^  M 
(brewers yeast) 一 
(风25)-diastereoisomer B-D-glucosidase 3.29 x lO'^ M 
(aimoncis) 
B-D-galactosidase 3.45 x lO'^ M 
(A. or\7.ae^ 
a-D-mannosidase 1.95 x 10'^  M 
rjack beans) 
(i5,2/?)-diastereoisomer |3_D_galactosidase 3.86 x 10"^  M 
(A. orvzae) 
(IR,2/?)-diastereoisomer fi-D-jala^tos^dase 3.50 x 10"' M 
Regioisomer I - 丨 _ I 
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As shown in Table I I I . 8 , each compound inhibited more than one 
enzyme. The aminocycl i to ls d id not appear to be specific enzyme inhibitors, 
un l ike the cyc lophel l i to l mentioned before ( I I I . l ) . 
Va l io lamine, a aminocycl i to l readi ly isolated f r om the fermentation 
bro th o f Streptomyces hygroscopicus, subsp. limoneus was shown to inhibi t 
yeast a-glucosidase, A. oryzae 6-galactosidase, almonds 6-glucosidase and E. 
coli a-galactosidase in order o f effectiveness (shown in Table I I I .7 ) . The IC5。 
values were consistent w i t h those reported by Kameda et al in 1984 w i th the 
same order o f magnitude (IC50 values o f a-glucosidase and almonds B-
glucosidase were 1.9 x 10"^ and 8.1 x 10"^ M by Kameda et aLf"^ Kameda et 
al also examined the effect o f val io lamine on porcine intestinal maltase, 
sucrase, isomaltase, sucrase, glucoamylase, a - and 6 - a m y l a s e . T h e 
compound was considerably more active against the former three than the 
enzymes l isted in Table I I I .7 . Ow ing to the inaccessibility o f enzyme source, 
only the common glycoside hydrolases were screened in this study. 
The results between val iolamine and its { IR, 25)-diastereoisomer were 
compared and showed that both were relatively potent inhibitors o f yeast a -
glucosidase, regardless o f the conf igurat ion o f the amino group at C-1. I t was 
or ig inal ly expected that { I K 25)-diastereoisomer should be an inhibitor o f 6-
glucosidase due to its 6-amino group. However , the I Q o on 6-glucosidase was 
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even greater than a-glucosidase. This result was total ly contrary to the in i t ia l 
expectation. I n addit ion, the inh ib i t ion patterns o f the two compounds on 6-
glycosidase were quite strange. 
F ig . I I I . 9 shows the inh ib i t ion o f (IR,25)-diastereoisomer on almonds 
fi-D-glucosidase. A t l ow concentration, there was no or l i t t le inhib i t ion on the 
enzyme. However , when the concentration increased, there was a sharp rise 
i n percentage inh ib i t ion at nar row range o f concentrations (see discussion 
section). 
Moreove r , i t was interesting to note that almost al l the compounds 
could inhiWt fi-galactosidase. The reason for the wide susceptibil ity o f this 
enzyme was not clear. This may be related to the f lex ib i l i ty o f the active site 
o f the enzyme wh ich can accommodate a number o f compounds. 
(IS, 2R)-Diastereoisomer was a unique enzyme wh ich had remarkable 
inh ib i tory effect on a-D-mannosidase w i t h IC5o = 1.96 xlO'^ M . 6 -Hydroxy 
group at C-2 and ce-amino group at C-1 contribute its structure s imi lar i ty to 
a-D-maimose. I t inhibi ted the configurat ional ly related enzyme. Conversely, 
(JR, 2/^)-diastereoisomer wh ich possess fi-amino group was expected to inhibi t 
6-D-mannosidase. Surpr is ingly, no inhib i t ion was observed on 6-D-
mannosidase (snail acetone powder) even applying 4.43 m M inhibi tor , 
67 
(7/?,2/?)-diastereoisomer into the react ion mix ture . Same circumstances had 
occur red i n test ing cyc lophe l l i to l and its analogues on the same enzyme 
( I I I . 1 .4.1) . Th is m igh t be attr ibuted to the source o f enzyme used. Another 
source, fi-D-mannosidase {A. oryzae) was used to test the compound again. 
The insuf f ic ien t amount o f par t ia l ly pu r i f i ed fi-D-maimosidase only a l lowed 
the screening o f three possible compounds including, (JR，2S)-, (JS,2R)- and 
(IR, 2/?)-diastereoisomers. The results indicated that only (JS，2R)-
diastereoisomer had effect against the fimgal Ji-D-maimosidase ( 15 % 
inh ib i t i on at 5 .46 m M and 92 % at 17.06 m M ) but not the others. iJS，2R)-
Diastereoisomer seemed to be an inh ib i to r o f both a and fi-D-mannosidase. 
Th is imp l i ed that the amino group conf igurat ion was not important in 
de termin ing the conf igurat ion o f enzyme inhibi ted. • 
I n summary , {IR, 2i?)-diastereoisomer only had inh ib i t ion on 6-D-
galactosidase. Because o f the w ide susceptibi l i ty nature o f this enzyme, i t was 
advisable not to characterize {IR, 2i?)-diastereoisomer as an inhib i tor . The 
reg io isomer o f va l io lamine (2 -a in ino -5-hydroxymethyl -cyc lohexane- l ,3 ,4,5-
tetraol) exhib i ted no inh ib i t ion on four enzymes l isted i n Table I I I . 7 . N o 
inh ib i t i on assays were carr ied out on two galactosidases due to the insuff ic ient 
amount o f this synthetic compound. 
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I I I . 2 .4 .2 Characterizat ion the aminocvcl i tols as reversible competit ive 
inhib i tors 
Simi lar to the previous studies, dialysis experiments were performed 
to reveal the nature o f b inding o f each compound to the enzyme. Only the 
compounds wh i ch demonstrated the potent inhib i t ion on the enzymes were 
tested. These included val io lamine, the (IR, 25)-diastereoisomer on a-
glucosidase (F ig. I I I . 10 & 11), and the (IS,2ie)-diastereoisomer on a -
mannosidase (F ig. I I I . 12). I n al l cases, after dialysis, total enzyme activity 
was total ly recovered and in some cases, recovered activity was even greater 
than the contro l sample (wi thout inhib i tor) . This result may be attributable to 
the protect ion o f the active site by b inding o f these reversible inhibitors. 
Denaturat ion o f enzyme wou ld be lessened dur ing a long per iod o f dialysis . 
I r reversible b ind ing due to covalent interaction was not easily released by 
water l ike this. As concluded, the b inding was proved to be reversible based 
on the above evidences. 
The competi t ive inhib i t ion o f a-glucosidase by both val iolamine and 
val ienamine were i l lustrated by L ineweaver-Burk plot (mentioned in I I .5 .3) . 
Measurements o f the rate o f catalysis at di f ferent concentration o f substrate 
and inhibi tors can serve to distinguish the mode o f inhib i t ion action on the 
enzyme. The p lot is generally applied in studying reversible types o f inhibi tor. 
I n competi t ive inhib i t ion, the y-intercept o f the plot 1/V versus 1/S is the 
same in the presence or absence o f inhibi tor but the slope is different. I n non-
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compet i t ive inh ib i t ion , the y- intercept ( 1 / V m J is increased but the slope is 
unchanged. Bo th two parameters (y-intercept and slope) are changed in 
uncompet i t ive inhibi t ion.^ 
As shown by the L - B p lot in F ig . I I I . 13, val io lamine was competit ive 
w i t h maltose and such a relat ionship had been seen previously in using 
intest inal a-glucosidase (Fig. 11.12). A t a suff ic ient ly h igh substrate 
concentrat ion, v i r tua l l y a l l the active sites were filled by substrate and the 
enzyme was fu l l y operative. A n d was not altered by the inh ib i t ion shown 
i n F ig . I I I . 13. Same phenomenon was observed in both (1R,2S)-
diastereoisomer on yeast a-D-glucosidase (Fig. I I I . 14) and {1S,2R)-
diastereoisomer on jack beans a-D-mannosidase (Fig, I I I . 15). A l l o f the plots 
had the same y- intercept but had di f ferent slopes. The K i values o f 
va l io lamine and {IR, 2S)-diastereoisomer for brewers yeast a-D-glucosidase 
were found to be 1.2 x 10"^ M and 2.5 x 10"^ M respectively, wh ich are 10"^ 
smaller than the K m values (4.4 X 10"^ M for maltose). F r o m a comparison 
o f K i and K m values, i t was concluded that these two inhibitors had strong 
a f f in i ty to the enzyme for fo rm ing E I complex than the substrate. The strong 
compet i t ive inhibi t ions were shown. For inhib i t ion o f jack beans a-D-
maimosidase by (75,2i?)-diastereoisomer, the K i value was 2.3 X 10"' M 
w h i c h is close to the K m value forp -n i t rophenyl -mannopyranoside ( 3 . 1 x 1 0 " ' 
M ) . The a f f in i ty to the enzyme for both inhibi tor and substrate are similar in 
this case. 
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As ment ioned before, the inhib i t ion pattern o f B-glycosidase is 
abnormal (F ig. I I I . 9 ) . I n addit ion, the competit ive mode o f the action seems 
to be va l id at only l ow concentration o f inhibi tor in L - B plot. A t high inhibi tor 
concentrat ion (3.00 m M ) , the l ine deviated above without overlapping o f the 
y- intercept (F ig. I I I . 16) 
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F ig . I I I . 9 Inh ib i t ion o f almonds p-D-glucosidase by (JR.2S)-
diastereoisomer o f val iolamine w i t h enzyme cone. 149.7 
m U / m l ) 
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F ig . I I I . 10 Ef fect o f dialysis on the inhibi t ion o f brewers yeast a -D-
glucosidase by val iolamine w i th enzyme conc. 312.5 
m U / m l . One hal f volume was dialysed for 12 hr. at 
dialysed sample ( • _ - • ) • The rest was stood without 
dialysis, control sample ( O ~ O ) . 
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F i g . I I I . 11 Ef fec t o f dialysis on the inh ib i t ion o f brewers yeast a -D-
glucosidase by { IR , 25)-diastereoisomer o f val io lamine 
w i t h enzyme conc. 312.5 m i l / m l . One hal f vo lume was 
dialysed for 12 hr . at 40C，dialysed sample ( • — • ) . The 
rest was stood wi thout dialysis, control sample ( O “ o ) . 
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F ig . I I I . 12 Ef fect o f dialysis on the inhibi t i t ion o f jack beans a-D-
mannosidase by ( iS, 2/?)-diastereoisomer o f val iolamine 
w i t h enzyme conc. 50 m U / m l . One hal f volume was 
dialysed for 12 hr . at 40C, dialysed sample ( • • ) . The 
rest was stood wi thout dialysis, control sample ( o o ) . 
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F i g . i n . 13 E f fec t o f val iolamine on hydrolysis o f maltose by 
brewers yeast a-D-glucosidase w i th enzyme conc. 312.5 
m U / m l Concentration of val iolamine employed: 0 m M , 
enzyme alone (o) ; 0.322 m M ( • ) ; 0.403 m M ( • ) ; 0.483 
m M (•) 
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Fig . I I I . 14 Ef fect o f {IR,25)-diastereoisomer o f val iolamine on 
hydrolysis o f maltose by brewers yeast a-D-glucosidase 
w i t h enzyme conc. 312.5 m U / m l . Concentration of 
diastereoisomer employed: 0 m M , enzyme alone (o); 
0.347 m M ( • ) ; 0.491 m M ( • ) 
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F ig . I I I . 15 Ef fect o f (75,2/?)-diastereoisomer o f valiolamine on 
hydrolysis o f p-ni t rophenyl- a-D-mannoside by jack 
beans a-D-mannosidase w i th enzyme conc. 50 m U / m l . 
Concentration o f diastereoisomer employed: 0 m M , 
enzyme alone (o); 0.919 m M ( • ) ; 1.38 m M ( • ) ; 1.56 
m M (•) 
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F ig . 111.16 Ef fect o f 口兄25)-diastereoisomer of valiolamine on 
hydrolysis of cellobiose by almonds p-D-glucosidase 
w i th enzyme conc. 149.7 m U / m l . Concentration of 
diastereoisomer employed: 0 m M , enzyme alone (o); 
2.15 m M ( • ) ; 3.00 m M ( r ) 
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III.2.5 Discussion 
I n 1980, Kameda et al proposed that the inhibi tory effect o f one 
aminocycl i to l , val ienamine, was their structure simi lar i ty to the D-glycosyl 
cat ion fo rm ing a half-chair conformat ion on the transit ion state in the course 
o f enzyme-catalysed pyranoside hydrolysis.25 The f lex ib i l i ty o f the 
cyclohexane ring enable aminocycl i tols to achieve the half-chair conformation 
o f the transit ion state and assist the binding dur ing inhibi t ion. I n addition, the 
protonat ion o f amino group in inhib i tor presumably accounts for some o f the 
inh ib i tory power.^^ I t resembles the positive charge o f carbonium ion in 
transi t ion state and enhance the electrostatic binding to the enzyme. 
OH OH 
HO J ) H O ^ O H ^ ^ + 
V \ NH3 
OH OH 
Glycosyl cation Valiolamine 
Fig . I I I . 17 Hal f -chai r conformation and positive charge make valiolamine 
resemble a glvcosvl cation during enzvme inhibi t ion 
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I n glycosidase-catalysed hydrolysis, the anomeric oxygen at C-1 
posi t ion is protonated by acid catalytic group leading to half chair carbonium 
ion l ike intermediate. The conf igurat ion o f anomeric oxygen, i.e. the 
glycosidic l inkage, is important in determining the specificity o f the enzyme. 
I t is expected that the enzyme inhibi ted should correspond to the configuration 
o f amino group at C -1 o f the inhib i tor . However, both valiolamine and its 
(IR, 25)-diastereoisomer inhibi ted a-D-glucosidase whereas (1S’2R)- and 
{IR, 2/?)-diastereoisomer inhibited a-D-mannosidase, regardless of the amino 
group conf igurat ion at C-1. The possible reason is that the weak basic 
properties o f these compounds affect the specific interaction to the active site 
o f the enzyme. I n addit ion, lack o f pyranoid-r ing oxygen or nitrogen may also 
affect the specif ici ty o f inhibi tor towards the enzyme. 
Shi f t ing the amino group f r o m the C-1 to the C-2 posit ion especially 
abolishes the inhib i tory effect o f the compound 2-ainino-5-hydroxyl-
cyclohexane-1,3,4,5-tetraol. N o protonation o f the amino group was feasible 
due to the incompatible posit ion between the amino group and acid catalytic 
group o f the enzyme. The normal electrostatic interaction might therefore be 
strongly affected wh ich wou ld d iminish the binding o f compound to the 
enzyme and result ing in low inhibi tory power. 
I n general, the aminocyclitols are less potent inhibitors for a - and fi-D-
glucosidases than the compounds deoxnoj i r imycin and glucosylamine. 
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Al though the replacement o f the pyranoid-r ing oxygen/nitrogen atom w i th a 
methylene group d id not result in complete loss o f inhibi tory act ivi ty, i t st i l l 
affects the ha l f chair geometry. Aminocycl i to ls w i th ni trogen not in r ing 
structure have less stabil i ty in aqueous solution compared w i th those have 
imino group i n the r i n g . Both factors appear to affect the inhibi tory potency 
o f the aminocycl i to ls. I n addit ion, less basic properties w i t h l i t t le electrostatic 
interact ion to the enzyme may also d imin ish its potency. 
The abnormal inh ib i t ion properties of some aminocyclitols on B-
glycosidase may ref lect denaturation effects. I t is conceivable that the 
compound may inhib i t the enzyme competit ively at low concentration (shown 
by L - B plot , F ig . I I I . 15). However , when the concentration increases, the 
abundant amount o f inhibi tor in solution may affect the ionic strength o f the 
reaction mix ture. The inhib i tory effect at elevated concentration may be due 
to b ind ing o f the inhibitors to the active site and to denaturation o f the 
enzyme. As a result, the percentage inhibi t ion dramatically increased. 
Elevated concentrations o f inhibitors may elicit this situation and give false 
results. 
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CHAPTER IV Isolation of the Naturally Occurring Glycosidase 
Inhibitors from Mushroom. 
rV.l Introduction 
Cyclophel l i to l , a potent B-D-glycosidase inhibi tor , was isolated f r o m the 
culture f i l t rate o f the fungus Phellinus sp. in 1989.^ 
Four common edible mushrooms, Lyophyllum aggregation; Volvariella 
volvacea; Pleurotus sqjor-caju PL-27 and Ganoderma lucidum were screened 
for their inh ib i to ry effects on six glycosidases namely as a - , B-D-glucosidase, 
o;-, B-D-mannosidase, a-，6-D-galactosidase by Tsang Y . L . and Y . S. Wong 
in 1992.56 The i r results showed that the water extract o f Ganoderma lucidum 
had signi f icant and specific inhib i tory effects on both a - and 6-D-glucosidases, 
as we l l as a-D-galactosidase. Since Phellinus and Ganoderma belong to the 
same fami l y , Polyporaceae, further studies on ident i fy ing putative glycosidase 
inhibi tors i n Ganoderma lucidum were carried out. 
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rv .2 Materials 
Mushrooms: D r i ed slices o f Ganoderma luc idum f ru i t body were imported 
from China, Flesh f ru i t bodies o f Volvariella volvaceae were purchased f rom 
the local market . 
Enzyme Assays: The substrates, p-n i t ropheny l glycoside, maltose and methyl-
a-D-glucopyranose were purchased f r o m Sigma Chemical Company, as were 
the a-D-glucosidase (Type V I ; from brewers yeast), 6-D-glucosidase 
(almonds), a-D-mannosidase ( f rom jack beans), 6-D-mannosidase ( f rom snail 
acetone powder) , a-D-galactosidase ( f rom Escherichia coli) and 6-D-
galactosidase ( f r om Aspergi l lus oryzae). 
Dialysis: Molecu lar porous dialysis membrane ( M W C O : <2 ,000 ) was 
purchased f r o m Spectrum Company. 
Reagents of anthrone method: Anthrone method and glucose standard solution 
( lOOmg/ml w i t h 0 .1% benzoic acid as preservative) were purchased from the 
Sigma Chemical Company. Thiourea, (A .R . grade) was purchased from 
Peking Chemical Works . 
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Liquid column chromatography: Flash l iqu id chromatography was carried out 
on columns o f M e r c k Keisel gel 60 (70-230 mesh, E. Merck No. 9385). The 
fractions eluted were moni tored by th in layer chromatography (TLC) on 
M e r c k precoated sil ica gel 6OF254 plates. A l l solvents used were reagent grade. 
Nuclear magnetic resonance and Mass spectrophotometry: ^H N M R spectra 
were recorded w i t h a Bruker W M 2 5 0 at 250 M H Z and a Joel-270 
spectrophotometer at 270 M H z for solution in D2O ( D O H = 4.80 ppm). The 
reference standards, adonitol and xy l i to l were purchased f rom Sigma 
company. B - ( L ) - ( + ) - A r a b i t o l was prepared by reacting 6 - ( L ) - ( + ) arabinose 
w i t h sodium borohydr ide (1:1, v /v ) in methanol. (This part was kindly done 
by M r . V incent W . - F Tai ) . E I - C I mass spectra were taken by a HP5989A 
spectrophotometer using at 70 ev for electron impact method. 
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IV.3 Methods 
I V . 3 . 1 Preparation o f Ganoderma lucidum 
Ganoderma lucidum slices were cut into small pieces. One hundred 
g ram o f tissues was boi led in 1.5 l i t re water for 2 hour. The residue was 
fur ther boi led in 1 l i t re water for 1 hour. The pooled aqueous fraction was 
f i l tered through Whatman #1 paper and lyophi l ized. This crude extract was 
redissolved in water (50 mg/ml ) and dialysed against water in tubing w i th 
M W cuto f f < 2 0 0 0 for 24 hour (crude extract 100 ml ; water 3 l i tre). The 
solut ion outside the tubing was collected and lyophi l ized. This sample is 
designated as part ia l ly pur i f ied extract. 
I V . 3 . 2 Preparation o f Volvariella volvacea 
One hundred gram o f f ru i t bodies o f V. volvacea were homogenized in 
150 m l water w i t h a War ing blender at h igh speed for 2 min. The homogenate 
was f i l tered through 2 layers o f cheese cloth to remove cell debris. The 
f i l t rate was boi led for 10 m i n and centrifuged at 27500 xg for 15 min. The 
supernatant was collected and lyophi l ized. 
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I V . 3 . 3 Inh ib i to ry assay o f aqueous extract o f mushrooms on 
glycosidases 
Glycosidase assay was as described in section I I I . 1.3.1. The reaction 
m ix tu re contained 0 .1 m l o f 100 m M appropriate buf fer , 0 .2 m l o f 12.5 m M 
p -n i t r opheny l g lycoside, 0 .1 m l o f glycosidase and 0 .1 m l o f mushroom 
extract i n a f ina l vo lume o f 0.5 m l . Cont ro l was included by replacing the 
mush room extract w i t h water. B lank contained no enzyme and was run in 
para l le l to account fo r the background colour o f the mushroom extract. 
React ion m ix tu re was incubated at 30。。for 10 m i n , 2.5 m l o f 0 .4 M glycine-
N a O H solut ion was added to inactivate the enzyme and quench the reaction. 
L ibera ted /?- i i i t rophenol was moni to red at 410 nm. The net absorbance o f 
tested sample was calculated as: Abs.(test) = Abs.(measured)- Abs.(blank). A n d the 
results were presented as percentage inh ib i t ion on the enzyme, according the 
f o l l o w i n g fo rmula : 
% inh ib i t ion = Abs( _ _ A b s ( _ xlOO% 
Abs (control) 
I V . 3 . 4 Anthrone method fo r determinat ion o f reducing susars^^ 
Anthrone reagent was prepared by adding 500 m g anthrone, 10 g m o f 
th iourea i n 1 l i t re o f concentrated H2SO4 (66%). The mix tu re was warmed to 
80 -90°C w i t h occasional shaking. A f t e r cool ing, i t was kept at 4。C This 
reagent should be freshly prepared every week. 
T e n m l o f anthrone reagent was added to 1 m l sample solut ion i n a 
87 
stoppered tube. The mix tu re was boi led for 15 min . A f te r cool ing for 30 min , 
the absorbance at 620 run was measured. Water was used as blank. Glucose 
was used to prepare a standard curve. The amount o f sugar was expressed as 
/xg reducing sugar per m g o f extract. N o deproteinization was required for the 
G. lucidum extract w h i c h had been pre-dialysed (see IV .3 .1 ) 
I V . 3 . 5 Flash l i qu id chromatography for pur i f icat ion o f putative 
inhibi tors i n G. lucidum extract 
The par t ia l ly pur i f i ed extract o f G. lucidum was extracted by methanol 
p r i o r to chromatographic separation. The part ia l ly pur i f ied extract o f G. 
lucidum were extracted in methanol (3 g in 100 m l ) and heated at 50 for 
1 hour . A f t e r removal o f the residues by filtration, the methanol extract was 
concentrated and dr ied by evaporation and lyophi l izat ion. The extract powder 
(2 g) was preadsorbed to sil ica gel (5.5 g, 70-230 mesh, E. Merck No. 9385) 
and then evaporated to dryness in vacuo to give crude material. 
The crude mater ia l (3.1 g) was then flash chromatographed on a 
co lumn (2.5x18 cm) o f si l ica gel (65 g) w i t h 250 m l o f CHCI3： M e O H (5:1, 
v / v ) . The co lumn was f i rs t eluted w i t h 500 m l o f CHCI3： M e O H (5:1，v/v) 
and fract ions o f 75 m l were collected. The co lumn was then eluted stepwise 
w i t h the fo l l ow ing solvents systems: 500 m l o f CHCI3： M e O H (4:1, v /v ) ; 1.1 
l i t re o f 3 :1 CHCI3： M e O H and 200 m l o f CHCI3: M e O H (1:1’ v /v ) . Fractions 
o f 50 m l were collected in the subsequent elution. Al iquots o f 5-10 lA from 
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f rac t ion was spotted onto T L C plate and developed in the corresponding 
solvent system. The T L C plate was sprayed w i t h concentrated sulphuric acid 
and heated to detect the presence o f carbon-containing compounds wh ich gave 
dark co lour spots upon treatment. Each f ract ion was evaporated to dryness 
and redissolved i n d is t i l led water fo r glycosidase inh ib i t ion determination. 
Fract ions w i t h glycosidase inh ib i tory activit ies were pooled and lyophi l ized, 
and subject to second chromatographic pur i f icat ion. 
F o r a typ ica l second chromatographic run, the lyophi l ized sample 
obtained (0.4 g) was preadsorbed onto si l ica gel (0.7 g) and loaded onto a 
co lumn (2x18 cm) o f same si l ica gel as described previously. I t was 
equi l ibrated w i t h CHCI3： M e O H (18:1, v / v ) f i rs t and then eluted w i th a series 
o f CHCI3： M e O H solvent systems by increasing the methanol concentration, 
170 m l (16:1，v/v ) , 75 m l (14:1, v / v ) , 100 m l (11.4:1, v / v ) , 180 m l (8:1， 
v / v ) , 70 m l (6:1, v / v ) , 120 m l (5:1，v/v), 160 m l (3:1, v / v ) , 90 m l (2:1，v/v) 
and 300 m l (1:1, v / v ) . Fract ion size was 25 m l each. Fractions w i t h a -D-
glucosidase inh ib i tory activit ies were pooled. 
Fur ther pur i f i ca t ion was carr ied out by a th i rd chromatographic run. 
Sample obtained f r o m the second co lumn (130 mg) was rechromatographed 
us ing a smaller co lumn (1.3 x 1.3 cm) and eluted w i t h CHCI3： M e O H : NH3 
(45:40:15, v / v / v ) . T w o compounds w i t h a-D-glucosidase inhibi tory activities 
were isolated. Structure o f these two compounds were determined by nuclear 
magnetic resonance i n D^O solvent and mass spectrophotometry. 
8 9 
IV.4 Results 
IV.4.1 Prescreening of Inhibitory Effects of Various Fungal Extracts 
The inhibi tory effects o f crude and partial ly pur i f ied sample of four 
mushroom extracts on six glycosidases are tabulated in Table IV . 
Table I V . 1 The inhibi tory effects o f crude and partial ly purif ied sample of 
four mushroom extracts on six glycosidases 
Enzyme Ganoderma Lyophyllum Volvariella Pleurotus 
lucidum aggregatum volvacea sajor-caju 
(a) (b) 
a-D-glucosidase + + + + - - -
B-D-glucosidase + + + + - - + - + 
a-D-mannosidase - - + + + -
B-D-maimosidase - - - - - -
a-D-galactosidase + + + + - - - - - -
fi-D-galactosidase - - - - - -
(a): crude extract 
(b): part ial ly pur i f ied extract 
+ _: degree of inhib i t ion 
Both crude and part ial ly pur i f ied extract o f G. lucidum specifically and 
signif icantly inhibited a - andfi-D-glucosidases and oj-D-galactosidase. Partially 
pur i f ied sample exhibited stronger inhibit ion. 
I n this study, screening of glycosidase inhibitory activities of extracts 
o f G. lucidum and V. volvacea was confirmed. Results were listed in Table 
I V . 2 
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Table I V . 2 The percentage inhibit ions o f G. lucidum and V. volvacea on 
six glycosidases 
Enzyme tested Inh ib i t ion (%) at 1 Inhib i t ion (%) at 10 
m g / m l o f G. lucidum m g / m l o f V. volvacea 
a-D-glucosidase 70.0 0 
(Brewers yeast) 
fi-D-glucosidase 21.0 11.1 
(A lmonds) 
a-D-mannosidase < 1 0 25.5 
(Jack beans) 
6-D-mannosidase < 1 0 48.3 
(Snail acetone powder) 
a-D-galactosidase 79.5 N D 
{E. coli) 
6-D-galactosidase < 1 0 12.2 
{A. oryzae) 
N D : not determined. N o inhib i t ion reported by Tsang, W and Y . S. Wong^^ 
I t was noted that crude extract o f G. lucidum showed inhibi tory effects 
on brewers yeast a-D-glucosidase and E. coli a-D-galactosidase. The 
inh ib i tory effect on 6-D-glucosidase was less. V. volvacea exhibited a various 
degree o f inh ib i t ion on di f ferent glycosidase. The inhibi t ion was less and non-
specific as compared to G. lucidum. 
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IV A 2 Inhibitory Effects of Partially Purified G. lucidum Extract on 
Glycosidase 
The par t ia l ly pu r i f i ed extract was obtained f r o m dialysis o f the crude 
extract (see Methods) . I t contain molecules w i t h M W < 2 0 0 0 . Figures I V . 1 
and I V . 2 show that the inh ib i to ry effects on glycosidases were concentration 
dependent, ind icat ing that the inh ib i t ion is not due to nonspecif ic b ind ing to 
enzymes resul t ing i n inact ivat ion. 
F igures I V . 1 shows that up to 1 m g / m l , the part ia l ly pur i f ied extract 
exh ib i ted over 80% inh ib i t i on on brewers yeast a-D-glucosidase. I t was also 
found to have potent ef fect on E. coli a-D-galactosidase. The inh ib i t ion was 
about 83 % at 1 m g / m l o f the extract (F ig. I V . 2 ) . 
F o r a lmond 6-D-glucosidase, the extract had only sl ight effect on the 
enzyme, w i t h 25 % inh ib i t ion at 1 m g / m l . (F ig. I V . 3 ) 
IC50 is def ined as the concentrat ion o f an inhib i tor exhibi t ing 50 % 
inh ib i t i on on the par t icu lar enzyme. The lower the IC50 value, the more potent 
the inh ib i to r is. The IC50 fo r brewers yeast a-D-glucosidase and E. coli a -D-
galactosidase were found to be 0.68 m g / m l and 0.35 m g / m l respectively. As 
compared w i t h the data l is t on Table IV.2， inh ib i t ion on the three glucosidases 
increased as the extract was pur i f i ed by dialysis to remove higher M W 
impur i t ies . Results suggest that inh ib i t ion was caused by l ow M W components 
( M W < 2 0 0 0 ) o f the extract. 
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IV.4.3 Effect of Endogenous Substrates on Glycosidase Activities 
I n order to study the possible effect o f endogenous substrates o f the 
fungal extract on glycosidase activities, pre-incubation o f extract w i th the 
enzyme was carr ied out pr io r to the addit ion o f synthetic substrate (i.e. p-
ni t rophenyl glycoside). Results show that the inhibi t ion was not affected. This 
indicates that the inh ib i t ion o f glycosidase (using /7-nitrophenyl glycoside as 
substrate) was not due to the presence o f endogenous substrates. 
Moreover , the addit ion o f some natural substrates such as maltose, 
sucrose and methyl-a-D-glucopyranose were also found to have less than 10 
% inh ib i t ion on brewers yeast a-D-glucosidase, no matter that al l have gl-
glycosidic bond i n the structure. The possibil i ty o f the natural substrate 
competing w i t h the ar t i f ic ia l substrate and causing the inhibi t ion dur ing 
enzyme catalysis was ruled out. 
IV.4.4 Results of Liquid Column Chromatography 
I n l iqu id co lumn chromatography o f the part ial ly pur i f ied G. lucidum 
extract, the inhib i tory activities o f various fractions collected f rom each step 
were shown. The active component (fractions 4-9) was mainly eluted by 
CHCI3： M e O H (5:1 to 4:1, v /v ) in the f i rst chromatography (Fig. IV .4 ) . 
Further separation was then carried out by second chromatography. The active 
components (fractions 43-54) was eluted by CHCI3： M e O H ( 3 : 1 to 2:1, v /v) 
(F ig. IV .5 ) . The percentage recovery o f e a c h pur i f icat ion step are summarised 
i n the fo l low ing table (Table IV .3 ) 
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Table I V . 3 A summary of % recovery on pur i f icat ion of putative 
inhibi tors from Ganoderma lucidum extract 
% recovery 
Crude extract 100 
Part ial ly pur i f ied extract 59.1 
Fractions collected from the 4.01 
f i rs t chromatography 
Fractions collected from the 1.29 
second chromatography 
Fractions collected f r om the 0.314 
th i rd chromatography 
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rv.4.5 Structure Determination and Characterization of Purified 
Compounds 
T w o compounds w i t h oj-D-glucosidase inh ib i tory activit ies were 
pu r i f i ed f r o m G. lucidum. Bo th were UV- inac t i ve and charred in concentrated 
su lphur ic acid, hence they were carbon-containing compounds wi thout 
chromophores. The R^ values o f the two compounds on Kieselgel 6OF254 plate 
developed w i t h CHCI3： M e O H (1:1, v / v ) were 0.33 and 0.35 (Fig. I V . 6 ) . I n 
CHCI3： M e O H : NH4OH (45:40:15，v/v/v ) , the R^ value o f these compounds, 
named compound A and B were 0.46 and 0.50 respectively (F ig. IV .7 ) . Both 
compounds A and B were subjected to structure analysis by ^H N M R . 
The ^H N M R spectrum fo r compound A was g iven in F ig. I V . 8 . I t 
showed a doublet at 4 .6 and 5 .2 wh i ch are typical o f the anomers o f a 
monosacchar ide. I t also showed a group o f peaks between 3.2 to 4.0 ppm. 
A f t e r compar ison w i t h reference standards, i t was found that compound A was 
an equ i l i b r i um mix tu re o f D-glucose containing 60 % o f the B - fo rm and 40 % 
o f the a - f o r m . The free glucose usual ly favours the equatorial 6 - f o rm in 
so lut ion du r i ng equi l ibr ium，about 64 % in room temperature. Probably the 
factor is that the equatorial hyd roxy l group is more easily solvated than the 
axia l one. The E I - C I mass spectrum shown in F ig . I V . 9 had a peak at 163 
corresponding to the f ragment M + - O H . This spectrum supported the 
conc lus ion that compound A was glucose wh ich has a molecular weight o f 
180. 
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Mass spectrum gave a molecular ion at 153 o f compound B 
corresponding to the fo rmu la C5H12O5 (Fig. IV .10 ) . Compound B was then 
subject to N M R analysis ( F i g . I V . l l ) Three sugars w i t h M W 152, namely 
adoni to l , x y l i t o l and arabi to l were used as reference standards (Fig. I V . 12-14) 
Compound B was determined to be arabitol based on N M R spectrum 
compar ison. 
IV.4.6 Inhibitory Activities of Compounds A and B against Brewers 
yeast a-D-glucosidase 
Compound A (12 mg /m l ) , ident i f ied as an equi l ib r ium mixture o f D -
glucose, exhibi ted 78.5 % inh ib i t ion on brewers yeast a-D-glucosidase (250 
m U / m l ) . The inh ib i t ion was higher than that o f D(+) -g lucose standard (53.3 
%). Th is m igh t be due to some impuri t ies in compound A . 
Compound B， ident i f ied as arabitol, also showed di f ferent inhib i tory 
act iv i ty as compared to arabitol standard. Compound B, at concentration o f 
4 .8 m g / m l , gave 44.3 % inh ib i t ion whereas arabitol standard exhibited 59.5 
% inh ib i t ion at 4 m g / m l . 
Determinat ion the amount o f reducing sugar by anthrone method found 
out the reducing sugar in crude extract and part ial ly pur i f ied extract was 
152.11 士 0.027 fig/mg and 117.06 士 0.0017 ixg/mg respectively. The IC50 
o f the part ia l ly pur i f ied extract was 0.68 m g / m l (see IV.4.2)，therefore the 
amount o f reducing sugar i n this part ial ly pur i f ied extract was about 80 f ig /ml . 
The concentrat ion was not h igh enough to account for the observed 50 % 
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i nh ib i t ion on a-D-glucosidase. I t was speculated that reducing sugar (mainly 
glucose) together w i t h other compound(s) or impurit ies demonstrating the 
inh ib i to ry effect on a-glucosidase. 
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rv .5 Discussion 
Ganoderma lucidum extract was shown to inhibi t three glycosidases, 
namely brewers yeast a-D-glucosidase, E.coli a-D-galactosidase and almonds 
fi-D-glucosidase. T w o a-D-glucosidase " inhibi tors" were identi f ied as glucose 
and arabitol. Glucose is one o f the product o f glucosidase reaction. I t 's 
inh ib i t ion on a-D-glucosidase is not unexpected. The literature survey revealed 
the monosaccharides found i n G. lucidum are only some common sugars 
(glucose, xylose, galactose, arabinose and mannose), mannitol and a - a 
fiicoseii，58. This is the first report on the occurrence o f arabitol i n G. lucidum. 
I t is generally suggested that the inhibi tor performs its action by 
adopting the right conformat ion and occupying the active site o f enzyme. 
A rab i to l is a five carbon sugar w i t h the f lex ib i l i ty o f its open chain structure, 
I t may f i t the active site o f the enzyme and thus prevents the binding o f 
substrate to the enzyme. 
The potential uses o f glycosidase inhibitors are for making as anti-viral 
and ant i- tumor agents. AU the pur i f ied compounds are valuable to test their 
ant i - tumor abilit ies i n some prel iminary screening bioassay such as Potato 
D isc Bioassayi，4，i8，2°. 
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F r a 1 - 3 4 - 6 7 - 9 1 0 - 2 0 2 1 - 3 4 3 5 - 3 7 
Fra 1-6 were eluted by CHCI3： MeOH (5:1, v/v) 
Fra 7-12 were eluted by CHCI3： MeOH (4:1, v/v) 
Fra 13-34 were eluted by CHCI3： MeOH (3:1’ v/v) 
Fra 35-37 were eluted by CHCI3： MeOH (1:1，v/v) 
F i g . I V . 4 I n h i b i t i o n act iv i t ies o f var ious f ract ions col lected f r o m 
the f i r s t ch romatography on brewers yeast a-g lucos idase 
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Fra 28-34 were eluted by CHCI3： MeOH (8:1，v/v) 
Fra 35-37 were eluted by CHCI3： MeOH (6:1, v/v) 
Fra 38-42 were eluted by CHCI3： MeOH (5:1，v/v) 
Fra 43-49 were eluted by CHCI3： MeOH (3:1, v/v) 
Fra 50-57 were eluted by CHCI3： MeOH (2:1, v/v) 
Fra 58-62 were eluted by CHCI3： MeOH (1:1’ v/v) 
F i g . I V . 5 I n h i b i t i o n act iv i t ies o f var ious f ract ions co l lected f r o m the 
second ch romatography on brewers yeast a-g lucos idase 
(250 m U / m l ) 
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Fig . I V . 6 Chromatogram o f compound A and B i n the 
developing solvent CHCI3: M e O H (1:1, v /v ) 
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Chapter V Conclusion 
Glycosidases are enzymes responsible for glycoprotein processing. 
Inh ib i t ion o f these enzymes has impl icat ion for both anti-viral and anti-tumor 
chemotherapy. Plant alkaloids are wel l known glycosidase inhibitors wh ich 
have been conf i rmed to display and-virus, anti-tumor and ant i -AIDs activities. 
However , the toxic i ty l imi ted the uses o f these compounds]®. Exploi tat ion o f 
the potent glycosidase inhibitors w i t h less toxici ty is currently under extensive 
study. 
T w o approaches are currently undertaken to develop glycosidase 
inhibitors as ant iv iral agents. One is to identify and isolate novel naturally 
occurr ing glycosidase inhibitors from various sources, including 
microorganisms and plants. Another approach is to synthesize and modi fy 
exist ing potent glycosidase inhibitors. 
I n this study, naturally occurr ing glycosidase inhibitors are being 
searched f r om di f ferent fimgi. Since Ganoderma lucidum belongs to the same 
fami ly as Phellims wh ich has been reported to produce a potent glycosidase 
inhibi tor , cyclophel l i tol , this mushroom was chosen for detailed study. By a 
series o f chromatographic separation, two compounds w i th a-D-glucosidase 
inhib i tory activities were isolated. They were identif ied as the equi l ibr ium 
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mixture o f D-glucose and arabitol. G. lucidum extract also exhibited inhibi tory 
act iv i ty on E. coli a-D-galactosidase; the identif ication o f putative a-D-
galactosidase inhibi tor(s) w i l l be the objective o f future study. 
T w o classes o f synthetic glycosidase inhibitors were prepared by 
Chemistry department. One is cyclophel l i tol and its analogues which belong 
to the class o f i rreversible inhibi tor. Each compound was found to inhibit the 
conf igurat ional ly related glycosidase. I t is suggested that the probable 
inact ivat ion mechanism is due to the opening of epoxide r ing at C-1 and then 
fo rm ing covalent bond w i t h amino acid residues at the active site. As 
concluded, the inhibi tors are glycosidase-specific w i th respect to the 
stereochemistry o f epoxide r ing at C-1. Shift ing the epoxide would affect the 
close p rox im i ty to the enzyme and result in low inhibitory power. 
The other type is aminocyclitols which was proved to be the reversible 
competi t ive inhib i tor . The flattened, flexible conformation and a positive 
charge in cycl ic structure made them as another k ind o f glycosidase inhibitors. 
However , the weak basic properties o f these compound may greatly affect 
their inh ib i t ion specif ici ty. I n addition, the inhibit ion potencies are lower 
compared w i t h the cyclophel l i to l- l ike compounds mentioned before. By means 
o f structure-function studies o f above synthetic compounds, the important 
requirements fo r sugar analogues to be glycosidase inhibitors could be 
114 
revealed. 
Some of synthetic compounds are novel compounds and found to have 
specific inhibition on glycosidase. These compounds which are devoid of 
toxicity and show a narrow specificity may be of interest for physiological 
studies and clinical use. 
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